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A Chilean Power Transmission. 
; BY G. E. RABY. 


HE electric installation for the transmission of power about 
to be described belongs to the Compania Esplotadora de 
Lota y Coronel, Lota, Chile. The plant has been installed 
for the purpose of supplying power to the company’s extensive 
coal mines situated in the port of Lota. The mines are submarine, 
and owing to their increasing depth and extension, the applica- 
tion of a cheap and efficient power was every day becoming more 
difficult. With a view to facilitate matters and to cheapen the 
output, they were advised 
by the writer, acting as 
their chief engineer, to 
utilize the falls of Chivil- 
ingo, situated about seven 
kilometers from Lota, 
and transmit electrically 
the energy thus going to 
waste for the purpose of 
using it in the interior 
of their mines, where the 
application of steam and 
compressed air power is 
becoming every day more 
expensive and difficult. 
It was found that 487 
liters of water per second 
could be obtained in the 
dry months, with a fall 
of 112 meters, giving a 
gross power of 726.88 
horse-power. The neces- 
sary specifications were 
then made out and ten- 
ders asked for. Among 
many that competed, 
that of Messrs. Schukert 
& Co., of Nurnberg, Ger- 
many was selected. The 
installation consists of a 
duplicate plant, consist- 
ing of two Pelton wheels 
of 400-horsepower each, 
driven at 214 revolutions 
per minute, connected direct to two three-phase alternating cur- 
rent generators to give an output of 215 kilowatts each, with 
switchboards, step-up transformers, line and step-down trans- 
formers at the Lota end of the line, terminating by branches at 
the mouths of three of the principal pits. Besides this a pipe line 
of steel was provided for supplying the hydraulic wheels. This 
line is 255 meters long and thirty-six inches in diameter at the 
largest part. 

The current is generated at 400 volts, after which it is trans- 
formed to 10,000 volts by passing through stationary transformers 
for transmission over the line. The generators are guaranteed to 
give an efficiency of 93 per cent. 
through naked copper wires of 6.5 milimeters diameter with a loss 





PENSTOCK, PIPE LINE AND POWER HOUSE OF THE COMPANIA ESPLOTADORA DE LOTA Y 
CORONEL, CHILE. 


The current is taken to Lota — 


of 2.4 percent. A distance of 2300 meters separates the generat- 
ing station from Lota. From the distributing point the current is 
sent through three branch lines which terminate at three of the 
principal pits. At these terminal points the current is again trans- 
formed down to 500 volts by suitable stationary transformers. 

The hydraulic part of the installation consists of a main pipe 
line of 2300 meters long and .60 meters in diameter. The pipes 
are of clay, and are manufactured in Lota, and have a fall of 1 
in 250. Besides this line 
there are two other 
streams collected by 
smaller pipes. The build- 
ing of these pipe lines 
offered considerable diffi- 
culty, as the ground is 
very much broken and 
difficult of access. 

The three streams are 
united at a point where 
the hydraulic main, made 
of steel, conducts the 
water to the Pelton 
wheels with a fall of 112 
meters. The main is of 
steel and has a diameter 
at its largest part of 
thirty-six inches. 

Power is at present 
supplied to the interior 
of only two of the pits. 
At the principal pit, 
where 275 horsepower 
will eventually be used, 
there are at present in 
operation underground 
three electric locomo- 
tives of fifteen horse- 
power each and sixty in- 
candescent sixteen 
candlepower lamps to 
light the main way. On 
the surface there are 
forty-five incandescent lamps and two are lamps, besides the 
three locomotives. Preparations are being made to put down an 
electric winding engine of forty horsepower, another locomotive 
and a three-throw pump of 2000 gallons capacity. All current 
used at this pit is transformed at surface from alternating to con- 
tinuous by means of a three-phase non-synchronizing motor at 
450 revolutions per minute, with an output of 81,000 watts, coupled 
direct to a continuous motor with an output of 72,000 watts. 
When requirements demand it this transformer plant will be 
duplicated. At the other pit the current is taken down as an 
alternating one by means of a properly protected cable to the 
bottom of the shaft, whence it is lead on insulators into the work- 
ings to operate two 2000-gallon pumps, one winding engine with 
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an output of 50,000 watts, and a motor of thirty-six horsepower 
to work an endless chain. The pressure used at this pit is also 
500 volts. 

The whole of the primary plant has been supplied by Messrs. 
Schuekert & Co., of Nornberg, and the secondary by the same 
firm and by the General Electric Company, of Schenectady, N. Y. 
The whole of the hydraulic plant was made by the Pelton Water 
Wheel Company of San Francisco and New York. 


CLEANING OUT WATER WELLS. 
| BY A, J. BOWIE, JR. 





ELLS may be classified under two general heads, namely, 
those which are dug and those which are put down by 
casing. The dug well is the simpler to put down, requir- 

ing practically no tools. However, where the water is any dis- 
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there being less danger of making the perforations too large, 
Water will flow through these perforations into the well. At first 
it will carry a certain amount of sand with it; but finally, if the 
perforations are not too large and the sand too fine, the larger 
particles of sand or gravel will collect around the perforations and 
will act as a strainer, largely preventing further flow of sand into 
the well. 

Where the well casing has passed through a hard, thick stratum 
into a stratum of water bearing sand, an open bottom well may be 
obtained. In time the flow of water into the bottom of the casing 


from such a well will carry off the sand from directly below the 
end of the casing and will form a pool of water at that place. In 
these wells it is necessary for the hard stratum to be sufficiently 
strong to hold up the ground above it when the sand is removed 
from below, as otherwise disastrous caving would result. 
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tance from the surface, dug wells become impractical on account 
of the great expense and difficulty of sinking them. With a 
proper well boring outfit wells of moderate depths, say 50 to 100 
feet, may be put down at comparatively small cost in most soils 
simply by the use of a hand rig. 

The wells using casing may be divided into two general classes; 
perforated wells, and open bottom wells. 

In the first class the casing is perforated at places where the 
water bearing strata which it is desirable to tap occur. The per- 
forator punches many small holes in the casing, an average size 
being perhaps 1% inches long by ,'; of an inch wide at the widest 
part. Some wells are perforated when the casing is down, but 
with surface wells, say up to 100 feet, it is often common practice 
to perforate some of the joints of casing before putting them down. 
A better job of perforating may be accomplished in this manner, 


Wells may be further classified under the heads of non-flowing 
wells, which must be pumped in order to obtain a flow, and 
flowing or artesian wells, which flow of their own accord. 

Most of the pumped wells are comparatively shallow, say not 
over 100 feet deep, though in some localities it is necessary to go 
exceedingly deep before obtaining water. Artesian wells can be 
obtained in only few localities, and are usually quite deep. 

Different water bearing strata in the ground, when separated 
by other strata impervious to the flow of water, have often differ- 
ent hydrostatic heads, many of them getting their pressure from 
the hills miles away. The water is confined between impervious 
strata, and will flow or escape when the elevation of the outlet is 
lower than the hydrostatic head of the water itself. 

The flow of water from a well in general follows the law of the 
flow of water through porous media. This law is that the flow is 
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directly proportional to the head causing such flow. It is the 
general law which governs the discharge of any well, whether 
pumped or artesian. That is, that the output of the well varies 
directly as the water level in the well is lowered below its static 
level. The writer performed some experiments on some pumped 
wells which correspond very closely with this theory. 

It is usual practice in sinking artesian wells to perforate at all 
water bearing strata where the water in the casing, when the same 
is being put down, is higher than the level at which the well will 
discharge. Thus strata of different heads will sometimes supply 
water for the same well. Any leak in the casing into strata of 
lower pressure will of course mean a loss of water. Should the 
water pressure in some of the strata which have been tapped ever 
fall below the pressure of the level from which water flows out of 
the well, it is obvious that those strata will be detrimental to the 
well and may even cause it to cease flowing altogether, which 
might not have been the case had the casing at the former strata 
not been perforated. 

Should the flow of artesian wells fall off, the cause of such 
change will usually be found among the following five reasons: 

1. The effect of other wells or of dry years. 2. Sanding up of 
the well. 3. Rusting of perforations. 4. Rubbish thrown down 
well. 5. Rusting or breaks in the casing, letting water escape 
into other strata. 

1. Artesian wells may interfere seriously with the flow from 
one another, even though far apart. It may take some time for 
these changes to be felt. A succession of dry years will also have 
its effect on the flow from the wells. 

2. In time the flow of sand into the well may interfere with 
the flow from the well, filling up the casing and covering the per- 
forations. 

3. Also in time the perforations may become rusty, which will 
likewise interfere with the flow of water. 

4. It is unfortunately of very common occurrence to have 
maliciously inclined people see how much damage they can doa 
well by piling rubbish into it. All wells should be so arranged as 
to prevent people tampering with them. 

5. The effect of this is, of course, a waste of water, provided 
the external hydrostatic head at the point where the break occurs 
is less than the actual internal head at that point, when the 
water is flowing from the well. 

A very simple method might be used which would often show 
wherein lay the cause of any change of flow of the well. All that 
would be necessary would be to take the hydrostatic head of the 
water above the discharge, with the discharge closed off, and the 
amount of this discharge, calling these quantities g, and 4,. Then 
g=Kh, where X is a constant, will give the law of flow. Here 

-_ 
es. 

At a subsequent period suppose these quantities were ¢, and /,. 
Then if /, is different from /,, it is either due to the natural head 
of water altering or toa leak in the pipe. ¢g,=A,/, is the law of 
flow which the water now will follow. 

If K,=A, then in all probability the change is simply due to 
the head in the ground falling off, and, of course, cannot be 
altered. 

Now suppose that the well had filled up with sand part way. 
This would in general not affect 4, unless the well were almost 
plugged up, and there were sufficient small leaks to take off the 
small quantity of water which would leak through the sand with 
which the well was plugged. The effect of plugging up the well 
part way by sand or by rusty perforations would be to make K, 
less than K. 

Suppose, on the other hand, that the casing is very old and 
leaks badly further up, and that at the point at which the leak is 
the hydrostatic head of the water in the external stratum is /, less 
than the height of the discharge from the well. Suppose this 
loses a quantity of water (g,) when the well is discharging. Then 
9;= Ky hg 

At no discharge from the well, the water thus lost becomes 
9= Ky (hs+Ay). 
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Were there no leak, the static head in the well would be a 
higher than the maximum static head obtained with the leak. 


Then g,+9,=K(%+h ) 


= K3hy+K3h,+Kh, 
9 =(A,+K)h, 
1 K,=Ajt+K 

This shows that a leak will tend to make the quantity A, greater, 
while filling up of the well will tend to make it less than K. 

Data of this sort would be easy to take, since the water measure- 
ment could be made by a rough weir and the pressure measure- 
ment by simply running a piece of pipe up in the air; in most 
instances the hydrostatic head not being too great to measure 
conveniently in this way. Such data for a number of flowing 
wells would be quite valuable. However, in practice, no informa- 
tion of any assistance is usually at hand, and it is necessary to find 
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BLOWING OUT A WELL BY COMPRESSED AIR EXPLOSIONS. 


out by trial what may be the matter with the well should the dis- 
charge fall off. The method usually followed is to try to clean 
out the well. 

There are three methods by which sand may be removed from 
wells. The most common method of all is simply by running a 
sand pump down the well. The sand pump consists of a piece of 
tubing with a flap valve on the bottom. When it gets down to 
the bottom of the well it is moved up quickly a short distance and 
then dropped. By repeating this for some time the material in 
the well is sucked up into the sand pump. The latter is then 
taken up and emptied and the operation again repeated until the 
sand is removed. Another method of cleaning out wells where a 
sufficient supply of water can be easily obtained is to hydraulic 
them out by putting a hose or pipe down to the bottom of the well 
and forcing water through the pipe. This will stir up the sand 
and carry it off with the water. However, this may necessitate a 
very large water supply, since the water will flow into the ground 
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from the wells as readily as it will flow the other way. Sufficient 
water must be provided not only to supply what will flow into the 
ground, but also to carry off the sand over the top of the casing. 
Another method, suggested by Mr. Lewis A. Hicks, was to blow 
out the wells by compressed air, the method being to pump up a 
high pressure in the receiver and to discharge it through a small 
pipe put down the well. The idea of this was not only to blow 
the sand out of the well by stirring it up and carrying it off by the 
large flow of water due to the action of the air lift, but also to 
make such action sufficiently violent to knock any rust off the 
perforations. Particularly on this last account it was thought 
that this would be superior to the system of using the sand pump 

This was tried by the writer in three different artesian wells. 
In none of these instances was any appreciable benefit accom- 
plished. But this was not due to the fault of the system, but 
simply because the water had fallen in these wells due to dry 
years and the interference of other artesian wells. In the first 
well experimented with the water stood about two feet below the 
ground. This was blown out by compressed air. A pressure of 
300 pounds was pumped up in a receiver of about thirty-five cubic 
feet capacity and discharged through a one-inch pipe, the open 
end of which was near the bottom of the well, about 550 feet deep. 
The discharge shot a stream of water about forty feet into the air. 
It looked for the time being like a young geyser. After the dis- 
charge the water in the well went away down and gradually came 
back again. Then the air compressor was allowed to discharge 
steadily into the pipe and to pump from the well as an air lift. 
The result of this was to bring up a steady stream of water con- 
taining much sand and large pieces of rust. Several runs of an 
hour or so were made on this well, but at the end of that time the 
water stood just where it had before the tests were begun. 

The next well on which this was tried was about a mile away 
on lower ground, giving a flow of 17.9 miners inches. This well 
was 399 feet deep and of six-inch casing. A one-inch pipe was 
run within about six feet of the bottom of the well, 300 pounds pres- 
sure was pumped up in the receiver and the well blown out three 
times, after each discharge letting the compressor run into the 
pipe down the well for about twenty minutes. A measurement of 
the sand blown out showed that 37,500 cubic inches, equivalent to 
a volume of 110 feet of six-inch casing had been removed. This 
lowered the well bottom only about three feet, showing that it 
was an open bottom well. After these runs the measurement of 
the flow of the well was 18.9 miners inches, about 5 per cent in- 
crease. Then one-half of the pipe in the well was taken out, 
leaving the end 200 feet down under the water. The receiver was 
again pumped up and discharged. The result of this discharge 
of the receiver was that the water ceased flowing entirely and 
stood about ten feet down in the well, showing that the bottom 
had filled up with sand. Keeping the pipe at the same 200-foot 
level the compressor was run for about half an. hour, pumping 
steadily into the well. At the end of that time the well had 
resumed the same flow which it had before making this last test. 
The sand removed in this last blow and run was equivalent to 
forty-four feet of six-inch casing—the size of the well—the depth 
of the well at the end being 402 feet. The hydrostatic head of 
this well was only twenty-eight inches above the level of dis- 
charge, so that had the pressure in the ground fallen twenty-eight 
inches the well would have ceased to flow. The stream of water 
which shot up from this well on discharging the compressor went 
far above the derrick, about seventy five feet in the air. It came 
out with a loud roar. 

The next well tested had only a small flow of about ha!f an inch 
of water. The well was about 575 feet deep. A 3-inch air line 
was run down near the bottom of the well and 450 pounds pres- 
sure pumped up in the receiver and discharged. The illustration 
shows a view of the water shooting out of the well as the discharge 
was subsiding. After the discharge the water went away down in 
the well, and seemed to come up spasmodically from the action 
of the compressed air, every once in a while sinking far down. 
On taking soundings the well had filled up about 200 feet. By 
continuous running of the air the sand was lowered about 130 feet, 
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but it was impossible to lower it still further, as it seemed to run 
in as fast as it was pumped out. The sand was exceedingly 
fine quicksand. The last seventy feet of sand removed had to 
be taken out by a sand pump. Subsequent inquiry developed 
the fact that a string of tools had been lost in the well and that 
gunpowder had been used in it and had probably blown a hole in 
the bottom of the casing. It was either through this or else 
through the perforations that this fine sand came in as fast as it 
could be taken out by the air lift, the flow of water into the well 
when pumped by air lift being sufficiently great to carry this sand 
in with it. 

The conclusion of these experiments is that for obtaining 
good results in cleaning wells by the air lift, first, that 
the well should be capable of furnishing a sufficient supply of 
water to carry off the sand; second, that it is sometimes better not 
to use the discharge from the receiver but to pump the well stead- 
ily. A discharge from a receiver will cause a sudden diminution 
of pressure on the inside of the casing. Should the casing be old 
and the water supply from the well small this may be sufficiently 
violent to collapse the casing. Third, it is not always necessary 
to put the end of the air pipe at the bottom of the well. When 
the receiver was discharged into this well those looking on were 
astonished to see a large tin can, a bottle and a few fence posts 
come sailing out of the well on the top of the water spout. The 
meanest man in the world is the fellow who puts things down 
wells. 


STEAM TURBINES FOR THE LONDON UNDERGROUND. 


ESTINGHOUSE steam turbines are to be adopted in the 
electric generating station to be built for the Metropolitan 
Railway Company of London, the contract having just 

been given to the British Westinghouse Electric and Manutfactur- 
ing Company of Manchester. The latter are now filling a similar 
contract for the Metropolitan District Electric Traction Company, 
and as there will be a general similarity in the two stations it will 
be easy to arrange for connecting the two and making them inter- 
changeable as far as the supply of current is concerned, which 
feature was required by the terms of the franchises of the two 
roads. The Metropolitan power station will be located at Neas- 
den, in the northwest of London, and will contain three sets of 
3500-kilowatts capacity each. The Chelsea station of the Metro- 
politan District Railway will contain four sets of 5000-kilowatts 
each. The electrical machinery for both stations will also be 
supplied by the Westinghouse Company. The current will be 
three-phase alternating and of 10,000 volts, to be transformed in 
substations to direct current for use in the car motors. 

It will be remembered that the matter of equipping the Metro- 
politan road electrically was the cause of a long and hard fought 
battle before a court of arbitration between the Ganz polyphase 
and the American direct curreat systems of working, the American 
system, which finally triumphed, being espoused by the District 
Railway under the leadership of Charles T. Yerkes. The steam 
for the immense steam turbines in the District and Metropolitan 
plants will be generated in water tube boilers. The aggregate 
power of the two plants will be 30,500 kilowatts. It is hoped that 
in a year and a half the equipment will be complete and in work- 
ing order. Both roads are underground, and the change to elec- 
tric traction will be an important and desirable step in the solution 
of London’s transportation problem. 





AMERICAN PREPONDERANCE IN ELECTRICITY. 


It is gratifying to American patriotism, as it has been to a con- 
tributor to one of the publications of an Eastern university, to 
point out the enormous preponderance of the United States in 
every department of electrical engineering, for the people of the 
United States have 69 per cent. of all the electrical power available 
in the world; 76 per cent of all that available for traction; 82 per 
cent. of all the capital invested in the production of electrical 
power; 7634 per cent of all the electric railway mileage, and 83% 
per cent of all the trolley cars. 














May, 1902] 


SOME NOTES ON A LARGE STATIC MACHINE. 
BY ORION BROOKS. 


OME months ago Dr. C. F. Griffin, of San Francisco, who 
is one of the staff of the Lane Hospital and also adjunct 
professor of materia medica and therapeutics in Cooper 
Medical College, was desirous of securing a static electric 

machine for X-ray and general electro-therapeutic work. There 
were many machines for such purposes to be had, but Dr. Griffin 
possessed ‘‘ideas of his own,’”’ and as he was quite familiar with 
many of the machines on the market he knew by experience that 
for fickleness in machinery the ‘‘static’’ machine is not to be 
discounted. Accordingly he proceeded to put his ideas into the 
form of drawings and specifications, the making of which was 
comparatively easy, but to get these ideas incorporated into a 
complete machine, which would prove always reliable under a 
guarantee, was quite another matter. The local manufacturers 
knew enough about the performance of static machines to let the 
‘‘other fellow’? work up new ideas under a guarantee, and the 
‘other fellow’’ proved to be a man in Heald’s Business College, 
San Francisco, who is reputed to know something about static 
machines. The doctor called on him, with the result that after a 
few modifications in the plans the contract to construct the 
machine in the college laboratory under a guarantee was entered 
into. The machine was completed and set up in the doctor’s 
offices early last fall, where it has been in continual service since. 

As to a description of the machine, or rather machines, as it 
comprises two distinct machines in one case, it consists of a 
‘‘Wimshurst-Holtz’’ machine in the upper compartment and a 
‘‘Wimshurst’’ in the lower. The case is of massive design and 
made of quarter sawed oak eight feet high, five feet wide and two 
and one-half feet deep (front to rear), with plate glass panels. It 
is divided into two sections by a marble slab 5x2% feet and 1% 
inches thick. This feature was criticised by some persons as 
being likely to lower its electrical efficiency because of the ‘‘cold”’ 
property of marble, but the performance of the machine fails to 
support this criticism, and the weight of this slab adds very 
materially to the steadiness of the machine while running, there 
being but very slight vibration when the plates are running at 
their normal speed of 300 revolutions per minute. 

The lower imachine is, as stated, a ‘‘ Wimshurst,’’ with two sheet 
glass plates twenty-nine inches in diameter, and its purpose is to 
supply an exciting charge to the upper or main machine when- 
ever necessary, and also to supply static effects of low power 
(six-inch spark or less) for special treatment. This lower machine 
is made reliable in all conditions of the atmosphere, without dry- 
ing material, by havihg more than the usual number of sectors on 
the plates, there being thirty-two sectors on each. It can be 
operated by either hand or foot power. 

The upper machine, which is the most noteworthy feature, has 
tweive revolving plates of sheet glass, each being thirty-one 
inches in diameter, and twenty-four fixed plates, 16x42 inches, in 
pairs, twelve above and twelve below the shaft. Owing to the 
impossibility of getting perfectly flat sheet glass, considerable 
clearance had to be allowed for the revolving plates. The ‘‘in- 
ductors,” or field plates, are made of heavy bond paper with gilt 
paper combs placed between the plates of each pair. These field 
plates subtend an angle of about forty degrees, and the neutraliz- 
ing combs are adjustable from the rear ends of these inductors 
about twelve degrees. The rotating plates are held on the shaft 
by means of compression flanges. The discharge rods are mounted 
inside the case, as are also a pair of one-half gallon Leyden jars, 
the former being abjustable from the outside as to separation, and 
the Leyden jars may also be placed into or out of contact with the 
collecting comb bars from the outside. A rod leading from the 
frame of the neutralizing comb permits of adjustment from 
the outside also. The two knobs of the bars of the collecting 
comb, with about four inches of the latter, comprises all of the 
upper machine that is exposed to the outside air when the upper 
section is closed, reducing the loss from leakage to a minimum. 
After the parts of the machine had been made and assembled, and 
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before the case had been closed and dried, it was tested, and 
when the humidity of the air was below 60 per cent. no difficulty 
was experienced in making the upper machine take a charge 
from the exciter and hold it when connected up in the regulation 
manner; but when, as was often the case, the humidity was above 
60 per cent., difficulty was experienced in securing performance 
in the open air until the writer introduced an idea which he 
believes is original This improvement consists in connecting 
metallically the comb rod on the charging side with the field 
plates, or inductors, on that side. Thereafter little or no trouble 
was met with in charging and working the machine in open air. 

In reply to a recent inquiry the owner of the machine says: 
“Six months’ use of the machine has shown that it does not 
reverse polarity while in action and does not require charging ex- 
cept after the case has been left open for a considerable time. I 
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A 10-INCH STATIC MACHINE BUILT AT HEALD’S BUSINESS COLLEGE, SAN FRANCISCO. 


believe that the wires connecting the stationary plate inductors to 
the collecting rods contribute materially to both these good 
points.’’ 

This machine readily gives fourteen inch sparks (the limit of 
the insulation distance of the machine) and perforates any except 
the most perfect Leyden jars. Where operated without Leyden 
jars it gives a ‘‘fox tail’? discharge twelve to fourteen inches 
long and three inches in diameter. When the machine is operated 
in the absence of any light except its own, the effect is beyond 
the power of words or pen to describe, and must be seen to be 
fully appreciated. All parts of the case appears electrified, and 
sparks may be drawn by approaching the finger if in line with 
the rods of the collecting comb and when held several inches 
away and outside of the case, but with a glass panel interposed. 
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The insulating property of glass seems to change or largely dis- 
appear under the stress of such voltages as crack an air gap 
fourteen inches across. 


During the preliminary trials, which were made with a pair of | 


half-gallon Leyden jars attached and with a speed of rotation of 
about 180 revolutions per minute, discharges ten inches long were 
produced continuously at about five second intervals, each dis- 
charge being as loud as an ordinary pistol shot. 

Two features of the machine which seem worthy of note are a 
double row of neutralizing pins to secure a more perfect discharge 
of the plate surfaces after passing the collecting combs, and 
metallically connecting the inductor field plates on one side with 
the collecting combs. This latter seems to be a violation of 
orthodox rules, but it certainly increases the reliability of the 
machine very much; it does not detract from spark length or 
frequency of discharge, and it appears to completely prevent 
reversing of the polarity of the machine. 





STREET LIGHTING BY METER.* 
BY T. D, ALLIN. 


not attempted to prove that street lights should be metered, 

nor is it claimed that paying for street lights by the number 
of lights in service is wrong. The only desire is to offer the 
suggestion in order that the proposition may be carefully con- 
sidered by those buying electrical energy for street lighting. The 
writer has had considerable experience with water meters and 
fully believes that the only fair and equitable way to buy or sell 
water is by the meter. If the fair and equitable way to buy and 
sell water is by the meter, then why not extend the system to all 
electrical energy bought and sold? House lighting is bought by 
meter, electrical energy for pumping and manufacturing plants is 
bought by meter, then why not apply the meter to street lighting ? 
Surely it is not on account of the expense of meters, as a meter 
necessary for a circuit of arc lights would cost but about $35. 

In the city of Los Angeles I am told there are seventeen street 
lighting circuits, which would require seventeen meters costing 
about $600. This is no more than the cost of 100 water meters for 
house use, and is no more than about one-fifth of the cost of a 
single water meter large enough to measure the water passing 
through one of the large water mains furnishing water to the city 
of Los Angeles. For this reason I believe that the element of 
expense does not enter seriously into the proposition. 

The people of South Pasadena pay for their street lights by 
meter. They have 160 16-candle power incandescent lights, con- 
sisting of four circuits of forty lights each, all measured by one 
meter placed in a building built for the purpose near the southern 
limits of the town. They pay seven cents per kilowatt hour with 
a minimum rate of $60 per month, the service being a midnight 
moonlight schedule. The system has been in operation about ten 
months. Fortwo or three months the rate has been the mini- 
mum, while the highest rate has been $87, the average being 
about $70 per month. Each month representatives of the town 
and of the lighting company read the meter and the bill is made 
against the town accordingly. The method has been very satis- 
factory to the town, and so far as I know it has been equally 
satisfactory to the lighting company. There may be other towns 
or cities in California paying for street lighting by meter, if so I 
am not aware of the fact. 

To my knowledge the only city of size in the United States pay- 
ing for street lighting by meters is Utica, N. Y., which has a 
population of 56,000. I am told that the people of Utica are 
greatly pleased with both method and result, and believe it to be 
the most satisfactory way to pay for street lighting. 

The meter would cause lighting companies to take greater care 
of their lights, to keep them in order and see that all lights burned 
-the full time specified. On the other hand the companies might 
be inclined to have their lights on a greater length of time than 


fe offering this short paper on ‘‘Street Lighting by Meter”’ it is 


*A paper read before the fourth annual convention of the League of Cali- 
fornia Municipalities, Los Angeles, January 10, 1902. 
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specified and might not take the same care to prevent leakage 
that they would under the ‘‘pay-per-light” system. These things 
would have to be regulated upon a just basis. Occasional tests of 
energy required for single lamps or certain circuits would catch 
abnormal and certain leakage. 

As for the rates by meter service, at present there is not as much 
reliable data to guide the municipal official in establishing meter 
rates as are to be found for the usual method of paying by lights 
of given candle power. Yet data would soon accumulate and the 
municipal official would soon learn to deal with quantities and 
would not rely entirely upon lights, hour and candle power, which 
are only factors producing quantities upon which rate is based. 

The elements entering into the proposition contemplate the 
to the company of a reasonable return upon capital actually 
and judicially invested, after having carefully taken into con- 
sideration all of the special conditions peculiar to each locality, 
such as cost of fuel, proximity to water power, the burden of tax- 
ation, the period and density of distribution, etc., besides bearing 
in mind the necessity of allowing a much greater per cent. for 
depreciation in value of an electric lighting plant than is allowed 
for other plants furnishing public utilities, owing to the many and 
frequent inventions and new appliances, causing the old and ex- 
pensive appliances to be discarded as obsolete long before they 
are worn out. All of these puzzling facts and conditions, which 
confuse and mystify the ordinary layman as well as annoy the 
expert, enter into the proposition of street lighting by meter no 
more than they do into the present lamp basis. 

Seldom does a taxpayer really know how many electric lights 
are maintained in his town or city, and unless he be an expert, 
and experts are few, he cannot judge the actual candle power 
furnished to the various lights; therefore he is in a state of un- 
certainty as to whether or not his town or city is getting all the 
light it should get under its contract, while on the other hand 
lighting by meter appeals to the public as being just and equitable 
to all concerned. 


If feasible why not adopt it? If not feasible why is it not? 





TOPOGRAPHIC MAPS OF CALIFORNIA, 


IX topographic maps of different section of California have 
recently been issued by the United States Geologicaj 
Survey. They are, the Redlands Quadrangle of the 
country in the vicinity of Redlands, showing a portion of 

the mountain country to the north, including part of the San 
Bernardino forest reserve, the various canals used in connection 
with the irrigation of the Redlands district also appearing; the 
San Jose Quadrangle, showing the city and vicinity of San Jose; 
the San Luis Rey Quadrangle in the southwestern part of the 
State adjoining the coast and in the neighborhood of Escondido, 
the San Luis Rey Valley, much of which is entirely dry during 
the summer, being clearly shown; the San Jacinto Quadrangle of 
part of the San Jacinto Mountains and forest reserve and the city 
of the same name, the irrigating canals are here also shown; the 
Carquinez Quadrangle of the land lying on each side of Carquinez 
Strait to the north of Oakland; and the San Mateo Quadrangle 
from San Francisco fifteen miles south, including the city of San 
Mateo and showing the coast lines of the Pacific Ocean and San 
Francisco Bay. 

All of the maps are new except the San Mateo and San Jose 
sheets, which are reprints. They show all the towns and villages 
included within their limits, all rivers, roads and trails, and by the 
use of contour lines clearly indicate the topography or relief of 
the country. They may be had on application to the Director of 
the Geological Survey at the usual rate of 5 cents each. 





A REMOVAL NOTICE. 


It being absolutely impossible to procure any additional floor 
space in the Empire Building, New York City, and the growth of 
the force of the New York office of the Stanley Electric Manufac- 
turing Company demanding a further increase of accommodations, 
announcement is made of removal to 29 Broadway, New York. 
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THE ROOF INSULATION OF 15,000-VOLT LINES. 


METHOD of taking high tension line wires into and out of 
station buildings which possesses striking novelty if not 
boldness has been in use in the Los Angeles substation 
of the San Gabriel Electric Company with absolutely 
perfect success for upwards of two years. The device is due to 
Mr. E. A. Beck, superintendent of the company named, and so 
satisfactory has it proven that it is 
being adopted in all the high ten- 
sion distribution work of the com- 
pany, until there are something 
over one hundred of these ‘‘roof 
insulators’? in use in the power 
plants, substations and pumping 
stations of the San Gabriel system. 
The pressures insulated by the 
device range from 2400 volts to 
15,000 volts, in fact, all the high 
tension transmission and distribu- 
tion lines are, or are fast becoming, 
so insulated. 

The form of construction of the 
roof insulator is the same whether 
it is to be used in 2400-volt or 
15,000-volt service. The conduc- 
tor which is always of No.6 B. & S. 
gauge, is encased in 15,000-volt, 
solid rubber insulation, over which is drawn selected soft white 
rubber hose. Then this is encased in a good quality of three- 
quarter inch garden hose, the whole being threaded through a 
special inside porcelain bushing having a length of eighteen 
inches, an outside diameter of one and three-quarter inches and 
an inside diameter of one and one-quarter inches. Next, this 
eighteen-inch bushing is sulphur-cemented (the cement wall being 
one-quarter inch in thickness) into a special white porcelain bush- 
ing measuring eight inches in length by two and one-quarter 
inches inside diameter by three inches in outside diameter. The 
cap is then knocked off a glass insulator (No. 1 Provo type) and 
the heavily insulated conductor is passed up through it in the 
manner shown in the adjoining illustration, after which it is care- 
fully taped and P. & B. painted, especially at the point of pass- 
ing through the insulator top and at the ends of the special 
insulation. Care must be taken to see that the additional insula- 
tion of white rubber and selected garden hose make a snug fit, 
one over the other. The outside diameter of the three-quarter- 
inch rubber hose must be larger than the pin clearance of insul- 
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ator, so that the insulator has to be screwed down over hose until 
the eighteen-inch bushing enters the inner petticoat of the insul- 
ator, when the two are sulphured together by pouring sulphur 
into the inner petticoat of the insulator and around the top of 
the eighteen-inch porcelain bushing, making the whole one rigid 
piece. After being placed vertically in a board having the pitch 
of the roof it is then ready for use, and the experience of the San 
Gabriel Electric Company is that it may be relied upon as being 
both moisture proof and puncture proof. 





NOTEWORTHY CANADIAN TRANSMISSION. 
Some of the most noteworthy of the many electric power trans- 
missions now in operation and being installed in Canada are 
listed,* together with details of their more important data, in the 
following tables: 
TRANSMISSIONS IN OPERATION. 





Horse-| Line 























Name of Company. Location. power |L’gth Voltage 
Chambly Manufacturing Co.|Chambly-Montreal, P. Q..| 20,000 | 17 25,000 
Hamilton Electric Light| |De Cew Falls resem 

and Cataract Power Co.. } MSS i caseddsuawucestes rae — 
West Kootenay Electric ? 

Power and Light Co .... } Kootenay-Rossland, B. C.| 4,000 | 30 20,000 
Dominion Government..... -Soulages Canal, P..Q. 700 | 14 2,400 
Light, Heat and Power Co.. -Lindsay, Ont......... 535 | 17 11,000 
Trenton Electric Co......... -Trenton, Ont......... 735 | 12 11,000 
British Columbia Electric Co.|Goldstream-Victoria, B. C.| 1,000 | 12 I-2 10,000 
Shawinigan Falls Water) |Shawinigan Falls-Mon- -66 

and Power nga dadaas treal, P. Q. suas sass seaaned jane  aliaeracel 
Lachine Rapids Hydraulic) |Lachine Rapids - Mon- 6 

ie EEE on conacacuae Ot Peirce. esses \ anne. 40 
Canadian Electric Light) |Claudiene Falls-Quebec, 2,000} 9 6,000 

CWicdaud <ckeavcendeasaue Wi Oiicceta sasnddxuscee : ‘ 
St. Lawrence Power Co.... { ee P.Q.-Corn-}| 4,000] 6 11,000 
St. Lawrence Power Co ....|Mille Roches-Montreal....|. |. ,. a Seer 
Montmorency snisanioies, Montmorency Falls Que- 

POWEF CO... 0. .ccces ces incase veescueaacaas k 5:000 | 7 5,600 

RELATIVE VALUES OF GAS. 
By Weight By Volume 
NORTON COs oe Saw kdl gee: “Wacds weee ett 1000 1000 
REGION oo as Sa Serdar aeeneaebereeuaes 949 666 
Wiehe Gees go hho cnwccaiekias caeaouaenuas 292 292 
ORIGINS cos gus i a pueseararss ese corte 76.5 130 


The water gas rated in the above table, as you will understand, 
is the gas obtained in the decomposition of steam by incandescent 
carbon, and does uot attempt to fix the calorific value of illumi- 
nating water gas, which may be cabureted so as to exceed, when 
compared by volume, the value of coal gas. 


*The Electrical World and Engineer, Vol. XXXVIII. page 433, Septembe 
14, 1901. 








1500-VOLT POWER TRANSMISSION CIRCUIT 


THE ROOF INSULATORS OF LOS ANGELES SUBSTATION OF THE SAN GABRIEL ELECTRIC COMPANY. 
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EDITORIAL. 


Announcement is made of the appointment of Mr. W. D. 
Shawhan to the position of business manager of THE 
JOURNAL, as well as of the removal of its business office and 
publication department from 536 Clay street to No. 144 
Union Square Avenue, San Francisco. 


NUMBER 5 








Union Square Avenue is a short thoroughfare running 
from Kearny street to Stockton street and lying between 
Geary and Post streets. It is, therefore, in the very heart 
of the city, and the quarters of THE JOURNAL occupy the 
entire fifth floor of the new building bearing the number 
The location is a most pleasant one, resting as it 
does directly off Union Square, upon which the Pacific- 
Union Club faces and the majestic structure of the Hotel 
Crocker (San Francisco’s Waldorf-Astoria) is being reared. 


given. 


Were prophesies to be made by those 
endowed with unfailing insight into the 


_— future, and were it given to us to know 
PROPHESIES ; 
through them the trend of development in 
MADE. : : 
power engineering, there would doubtless 
be revealed to us a picture of astounding 
revelations. We would see, first, the mighty upbuilding 


of the shores of the Pacific from more or less lethargic 
communities into commercial centers ranking among the 
most important in the world, and as a consequence of this 
we would see, second, an equally commensurate growth 
in power engineering methods and applications—growths 
which it is not given human comprehension to grasp. 
Already the signs of the times are upon us, and let us 
heed them. 
ad 

The remarkable growth which is upon San Francisco, 
for instance, is commented upon in a recent issue of 7he 
Argonaut, which says, editorially: 


Nothing shows the unparalleled expansion of San Francisco 
better than a comparison of the volume of real estate transfers and 
bank clearances, with the figures for previous years, and statistics 
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of similar import in other cities. During the month of April, 1902, 
there were 645 sales in real estate, representing a cash value of 
$5,311,493. It equals the total transactions for January, February 
and March of 1901. The bank clearances for the week ending 
May 8th were $28,912,135, or nearly $6,000,000 more than during 
the corresponding week in 1901. The eight largest cities of the 
West—Los Angeles, Seattle, Portland, Tacoma, Spokane, Salt 
Lake City, Denver and Omaha--although they have a combined 
population almost double that of San Francisco, show bank clear- 
ances of only a few thousand dollars more than San Francisco alone. 


And that which is true of San Francisco is equally 
true of the rest of the coast—everywhere is unprecedented 
activity and everywhere is unprecedented prosperity. 
Still there is no boom, as booms are commonly under- 
stood, for all industry is on healthful lines due to increased 
population, increased commerce and the development of 
natural resources. 

& 

Power engineering is the first to respond to the new 
conditions created by the demands of increased popula- 
tion, increased industry and increased commerce, for as 
truly as is industry builded upon the availability of power, 
so truly does population and commerce follow industry. 
Thanks to power engineering, then, that San Francisco 
is not fated to be merely an entrepot for the shipping of 
the wares of the East to the new markets of the Orient, 
and it is with thanks to power engineering that the metals 
of the interior of the earth and that the products of the 
surface of the earth are produced and marketed econom- 
ically. Pace by pace does power engineering advance 
with each and every forward step in the onward march of 
commerce and industry, and if you know where the one 
may go, there will you find the other also. 

Pd 

As spellbound does the engineering of the Pacific slope, 
and especially its power transmission engineering, hold 
the interest of our brethren of older communities. ‘‘’The 
problems of the Pacific Coast are problems for the trained 
engineer,’’ stated Dr. F. A. C. Perrine in a recent lecture 
before the New York Electrical Society, ‘‘and no rule of 
thumb principles is applicable. The men encountering 
these problems must be and have been men of independent 
minds—men capable of realizing the difficulties and not 
frightened by them. ‘They are frontiersmen, undaunted, 
unafraid and resourceful.’’ ‘These men have wrought 
conditions in power transmission which are regarded with 
wonderment; but they have barely begun their work, and 
the fruits of their labors are as unmeasured as are the 
stores of golden treasure that lie hidden in the Sierran 
strongholds. 

Are these engineers to stop and rest on their laurels of 
today, glorious thongh they be? 


It would be an unpardonable sacrilige 
to declare that the voice of the people is 
not the voice of God; but with due 
respect may it be said that the destinies 
of power engineering ate not swerved by 
the (to it) irrational pronunciamentos of 
Vox Populi. Vox Populi decrees it jackasstical to build 
power plants of a capacity in excess of the visible market; 


THE SEASONS 
COMPLIMENTS 
TO VOX POPULI. 
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but power engineering mildly gives reproof in demonstrat- 
ing that in this day of enlightened specialization Vox 
Populi is a false opiner. What are the facts of the case? 
When the Folsom-Sacramento transmission was started 
in the summer of 1895 Vox Populi proclaimed the folly 
of trying to find a market for 4000 horsepower in a city 
of 25,000 people; now the plant of the Sacramento Elec- 
tric Railway and Gas Company has a capacity of 5000- 
horsepower. and it is taking 3000 horsepower additional 
from Colgate. Verily, Vox Populi, thou tellest the truth 
—with a 50 per cent. power factor. 

When, in 1896, the believed-to-be superabundance of 
2000 horsepower was transmitted to the little town of 
Fresno, with its 12,000 or 14,000 inhabitants, so great was 
the cry ‘‘ What will they do with all that power in Fresno,’’ 
that the managers of the plant put the rate down to as 
low as ten cents per lamp per month in order to show 
that the power would be used. Then, when the plant 
was loaded nigh unto collapsing, convulsive efforts were 
made to relieve the strain by raising rates; but despite 
doubled rates and more, and despite increases in plant 
output, the plant of the San Joaquin Electric Company is 
inadequate to the duty imposed upon it, and we see its 
principal owners interesting themselves in a project for the 
development of 30,000 horsepower for transmission even 
to San Francisco, 180 miles distant. Here is testimony 
against the truth and veracity of Vox Populi, defendant. 

A year later, when the plant of the Power Development 
Company started up, the people, aided and abbetted by 
the insidious teachings of the said Vox Populi. said, in 
the vernacular, that C. N. Beal, its promoter and after- 
ward the manager of the company, had taken a ‘‘foolish 
powder”’ when he “‘inveigled’’ capital into an investment 
for the transmission of 1200 horsepower ‘‘into Bakersfield, 
an unincorporated town.’’ But that plant has earned 
money, nevertheless, enough to pay a reasonable per- 
centage in dividends, besides all fixed charges and sinking 
fund, as well as material enlargements, extensions and 
betterments of plant, not least among which of the latter 
has been the boring of a tunnel (to take the place of the 
old flume) at a cost of considerably over $100,000. And 
now from along the Kern River new transmissions are 
being built to take many tens of thousauds of horsepower 
into Los Angeles, 100 miles away, of which new trans- 
missions the old Power Development plant was the fore- 
runner. Vox Populi, thou art under cross-examination. 

People said, and do still say, more’s the pity, that it is 
a short-sighted policy to build water power transmissions 
in southern California, where water, they say, is so scarce 
that every raindrop is a jewel. ‘‘Ain’t it a shame that 
anybody should be so bereft of judgment and common 
sense as to spend money, not altogether his own, in the 
development of water powers which are, for the most 
part, fictitious?’’ But the water power which drives Mill 
Creek power house No. 1 of the Edison Electric Company 
of Los Angeles is not fictitious, as was said at the time 
when it (the old Redlands plant) was built. Indeed, that 
self-same water drives Mill Creek No. 2 station, and will, 
within four months or so, also drive Mill Creek No. 3 
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station, while from the success which has attended the 
operations of these Mill Creek stations there has grown 
the 4oo00-horsepower Santa Ana station and the new work 
under way for the building of other stations on water 
rights roundabouts, and on the Kern River, in capacities 
which will probably aggregate 50,000 horsepower. ‘To 
further the case it is not necessary to refer in detail to the 
equally interesting situation resulting from the expansion 
of the system of the San Gabriel Electric Company of Los 
Angeles from a water power plant of minor importance, 
though of unusual engineering interest, on the San Gabriel 
to the mighty system soon to be realized in the undertak- 
ings of the Kern River Power Company and the Pacific 
Railway Company. Old Vox, thy veracity is on the wane. 

Coming north again, when the chimney of the Edison 
station of the San Francisco Gas and Electric Company 
blew smoke in the eyes of Mr. Claus Spreckels and made 
him so mad that forthwith he determined to build a great 
electric power station that would throw the business of 
the offending company into kingdom come, people said, 
in one breath, something to the effect that people who | 
were foolish could never keep money, and, in the next 
breath, that the jig was up with the Gas and Electric 
Company. But now Mr. Spreckels’ plant is not only 
fully loaded, but it has been increased by the addition of 
a further 2500-horsepower unit, to say nothing of the gas 
plant, having a capacity of 2,000,000 cubic feet per day, 
which his foretaste of the lighting business in San Fran- 
cisco has led him to build. More than this, the Sanu 
Francisco Gas and Electric Company, which was, so they 
said, doomed to eternal desuetude, is groaning under the 
heaviest possible service, so heavy, indeed, that the initial 
order for the equipment of a new station, which will have 
a capacity of approximately 10,000-kilowatts, has been 
given. Mr. Populi, dost harken ? 

Three years or so ago the work of the Standard Elec- 
tric Company was first talked of, and when the subject 
was broached wiseacres shook their hoary heads at the 
statement that 15,000 horsepower was to be developed 
and transmitted to the San Francisco market. The enter- 
prise would fail, they said, because the San Francisco 
market was already well taken care of. Now, however, 
the Standard plant is ready for business, its lines are 
finished into San Francisco, is substation is completed and 
ready for operation, but it cannot as yet become a factor 
in the local lighting and power field in the city by the 
Golden Gate for the reason that the entire capacity of its 
plant, amounting, as stated, to 15,000 horsepower, has 
been sold to consumers along the lines of its transmission 
circuits, and that therefore San Francisco must await the 
building of the Standard Company’s new power plant of 
21,000 horsepower on the Stanislaus before it can expect 
to receive power from the Standard system. And the 
same is true regarding the Bay Counties system. Colgate 
with its 18,000 horsepower, Nevada City with its 4000 
horsepower, Brown’s Valley with its 2000 horsepower and 
Butte Creek with its tooo horsepower are all eternally 
pumping power into the Bay Counties’ system day after 
day, incessantly and forever; but still the construction 
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department cannot develop water powers and build stations 
as fast as the commercial department can sell its power. 
The entire generating system of the Bay Counties Power 
Company is laboring at full capacity every day in the 
year, to relieve which new and larger stations are now 
under construction. And yet, how well we remember 
the grim forebodings with which announcement of the 
project was received. Dost remember, Vox Populi? 

Some years ago when, to speak in hyperbole, the doc- 
tors and nurses among Western electrical engineers and 
financial men were laboring to resuscitate Transmission 
from a seemingly hopeless complication of maladies which 
had o’ertaken it, someone discovered crude oil down in 
southern California, where the fate of Transmission hung 
by fragile support. Then, later, somebody else discovered 
a better and more bountiful supply of crude oil in Kern 
County, and thus at ose stroke the Gordian knot which 
had mercilessly bound California to high-priced fuel was 
severed. And then—Oh me! Oh my!—didn’t public 
opinion unmask itself as high chief cockalorum of the 
Knockers’ Club? Once more, when crude oil was gen- 
erally adopted throughout the central and southern por- 
tions of the State of California for the generation of steam 
power, didn’t the dear and, forsooth, far-seeing public 
predict calamity to the electric transmission industry? 
Indeed it did, and yet today it is not the voice of the 
prophet who relates the status-which-is-to-be of the trans- 
mission industry; it is the voice of the hard-headed busi- 
ness ma.t, of the able engineer, of the critical capitalist, 
who, instead, tells us with satisfaction of its status-which-is. 
These men back up their opinions with their energies, their 
brains and their moneys, beyond which there is naught of 
human eloquence. Beyond this they say ove thing more: 
they say that Vox Populi is a condemned liar of a dam- 
nable breed, and that Truth does not abide with him. 

One final word to you, Vox. You're a pretty good 
fellow, all in all, and you want to be decent. You love 
to hear the dulcet tones of your own voice, even though 
it brays as an ass. You are apt to bray yourself hoarse, 
and then heap applause upon yourself until buried in 
ridiculousness. Don’t do it, Old Man; it’s undignified 
and unbecoming, and, besides, it hurts the other fellow, 
who is doing only praiseworthy things. In brief, Vox, 
don’t venture opinions upon subjects concerning which 
your ignorance is dense, just mind your own business, 
that’s all. Au revoir, Vox. Be good! 





Again, as midyear approaches, interest 
turns to the annual gathering of the elec- 


I : ar ' 
— i trical transmission fraternity, the gather- 
TRANSMISSION . ‘ ; 
ing which is noteworthy from many 
CONVENTION 


viewpoints, among the least of which 
rests in the fact that its deliberations are 
the only ones participated in by the members of an ex- 
clusively long distance, high tension electric transmission 
fraternity. Indeed, if there is any electric or other 
transmission association in the world, other than the 
Pacific Coast Electric Transmission Association, the fact 
is not known and it has achieved no prominence. 





(Vol. XII—No, 5 


In determining upon San Francisco as the place for hold- 
ing the Sixth Annual Convention of the Transmission 
Association, the executive committee has merely chosen to 
abide by the constitution of the Association, which desig- 
nates this city as the meeting place for holding the annual 
gathering. And in doing so it has done well, for all 
know how true it is that much of the most interesting 
transmission work ever undertaken centers about the Bay 
of San Francisco. It is the transmission center of the 
West, which is the transmission center of the world, and 
as such, it is fitting that it has been determined upon 
once and for all as the place of holding the annual con- 
ventions. The claims and merits of other localities as 
meeting places should be recognized, but until the consti- 
tution be amended, if it ever be, they can only be recog- 
nized as meeting places by the holding of special sessions. 
This point of special sessions is one well worthy of con- 
sideration during the coming meeting, for the work of 
the association is altogether of too great importance to be 
condensed into a single annual gathering. The meetings 
should be held at least semi-annually, or better, quarterly. 

Another departure from previous practices is that dur- 
ing the coming convention there will be no social features, 
and, in all probability, no banquet. Instead, the business 
of the convention will receive consideration during both 
the day and evening sessions of both days. The Maple 
Room of the Palace Hotel has been secured for the pur- 
poses of the convention, which will be called to order at 
10 o’clock, on the morning of Tuesday, June 16th, and 
will continue in session throughout the following day. 

The papers to be brought before the members for dis- 
cussion, (advance copies of some of which will be sent 
in confidence to members at least a week prior to the date 
of the convention) will be upon varied and interesting 
subjects. The matter of the application of transmitted 
power to the operation of hoists in mining service, will 
be an issue that is bound to be debated freely by the 
advocates of different methods. Mr. C. O. Poole, mana- 
ger and supervising engineer of the Standard Electric 
Company, has prepared a paper in which he defends the 
restriction of the electric motor used for hoisting duty to 
the operation ofan air compressor, whence the hoist will be 
driven. On the other hand, Mr. Leon M. Hall, engineer 


of the Comstock Pumping Association, has promised a 
paper, descriptive of the application of induction motors 
to hoisting duty in the Comstock mines, which practice 
is defended as the best that is possible. The opinions of 
engineers are divided upon this subject, and an interesting 
and animated discussion may be expected. The hy- 
draulic end of transmission systems, the economical utili- 
zation of electric pumping over wide areas, and the local 
distribution of transmitted power in metropolitan com- 
munities, are a few of the subjects upon which papers 
will be read, while in addition, Mr. C. W. Hutton will 
inagurate the new ‘‘ Wrinkle Department,”’ and Professor 
A. G. McAdie will talk most interestingly and instruct- 
ively upon the poetic theme of ‘‘Clouds versus Coal,”’ 
wherein the respective merits of each as producers of 
mechanical energy will be considered. 

The sixth annual convention will be, above all else, a 
business convention, and attendance to it is imperative to 
the self-interest of all. 
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Static Strains in High Tension Circuits.” 


BY PERCY H. THOMAS. 
PART I.—CoNTINUED 


NATURE, CAUSES AND EFFECTS OF STATIC DISTURBANCES. 


gerous static effects result directly from very abrupt changes 

of potential. They may appear in parts of the circuit very 
remote from the exciting cause. These static strains are phenom- 
ena such as would be expected to result from 

OTHER CAUSES Well known laws governing static electricity. 

OF STATIC In addition to the causes of abrupt changes of 
STRAINS. potential already discussed a few more will be 
briefly described. 

(a) Short Circuits.—A short circuit between the two line wires 
when of a sudden nature, causes an abrupt reduction to zero of the 
potential of one or both lines at the point of short circuit. This 
is the reverse of the case of charging a line. A wave is sent along 
the line causing a dropping of the potential, which of course has 
no tendency to ground apparatus. Nevertheless, this wave causes 
just as severe a strain on the insulation between turns of the 
transformer coils next to line as a charging wave, for the poten- 
tials of the transformer terminals is abruptly reduced. Since the 
inner layers cannot get rid of their charge immediately there is a 
momentary potential across the coils between a high potential 
point in the inner layers and a low potential point at the terminal. 

(6) Grounds.—Grounds are also a cause of abrupt change of 
potential and short circuits. The samestrain on coils is produced 
as before, strongest on the side of the circuit where the ground 
occurs; also the ungrounded lines are raised to full potential above 
the earth. It is true that the rise of potential of the ungrounded 
lines is not necessarily as abrupt, since it is produced partly by 
the generator. 

It must be remembered that the static waves produced in lines 
by grounds and short circuits may have their intensity doubled at 
a reflecting point, so that the short circuit strain on coils is doubly 
severe at such points. However, the strains to ground are not 
great in these cases except on the ungrounded wires. 

It must be remembered that when a wave is caused by ground- 
ing or charging a line that the abrupt change of potential may 
sometimes be only the voltage existing between line and ground 
in that system and not the full line voltage. 

In much of the previous discussion, transmission lines have been 
assumed to be single phase. Theconclusions arrived at are nearly 
all applicable to polyphase lines as well, with occasional changes 
which will be evident on inspection. 

(c) Lightning.—Lightning is the best known cause of static dis- 
turbances. Unlike grounds, short circuits and switching, light- 
ning usually does not act directly on the circuit, but indirectly by 
induction. Its effects, however, are of the same nature as those 
already discussed. 

In general lightning may affect a transmission line in two ways 
—by induction and by direct stroke. 

(1) A lightning discharge in the neighborhood of an electric 
circuit, but not actually reaching the circuit, acts upon it in- 
directly by a combination of static and dynamic induction. The 
actual intensity of the effect in the circuit depends on the energy 
of the lightning discharge, on the distance to the circuit, its form 
and its position relative to the discharge path of the lightning and 
upon other conditions. 

Lightning discharges are usually of an oscillating nature, that 
is, the charge on the cloud oscillates back ward-and forward between 
cloud and earth several times, pausing at each end of its path in 
each oscillation. This oscillating charge acts inductively on any 


' the previous discussion I have endeavornd to show that dan- 


*A paper read at the 161st meeting of the American Institute of Electrical 
Engineers, New York, February 14, 1902. 


electric circuit which is in the neighborhood, first (static induc- 
tion), when passing at either end of its path, by attracting a charge 
of the opposite sign to the nearest point of the circuit, and second 
(electromagnetic induction), since the actual discharge is a cur- 
rent and sets up an opposing electromotive force in any parallel 
conductor. As the lightning charge appears first at one end and 
then the other of its discharge path it draws the charge on the 
line back and forth, and the electromotive force in the line in- 
duced by the current 1n the discharge is always in such a direction 
as to accelerate the motion of the attracted charge. Therefore the 
effect of the lightning discharge is to cause a static wave ora series 
of static waves in the line. These waves are similar in general 
character to those produced by switching, etc., except that there 
is no limit to their maximum possible strength. They may pro- 
duce either grounds on windings or short circuits in coils as cir- 
cumstances may determine. The static strains produced in a 
circuit by lightning have no direct relation to the generator volt- 
age, but are determined by the form and location of the line, the 
protective devices, and the nature of the lightning discharge. 

(2) A lightning discharge may and occasionally does strike a 
line directly. In this case it is commonly supposed that nothing 
can save the apparatus from injury. This may or may not be the 
fact according to circumstances. If the discharge strikes the line 
at some distance from the apparatus, there is a very good chance 
that no harm may be done, for the choking effect of the line is 
enormous for the extremely abrupt discharge of a direct stroke. 
That is, the discharge cannot pass down a long line quickly, and, 
instead, will pile up voltage at the point where the line is struck, 
and finally make some direct path to earth, usually by jumping to 
a pole. This relieves the line and no severe shock is sent to the 
station. The escaping discharge may or may not destroy the pole, 
according to the nature of the pole and the intensity of the dis- 
charge. But although the chief discharge passes to earth directly 
there will be a wave sent along the line, which may or may not 
do damage according to circumstances; thus in this case the arres- 
ters are not required to discharge the direct stroke. On the other 
hand, if the stroke is near the apparatus, it is probable that pro- 
tection will not be obtained from any lightning arrester. Even 
though the arrester were, for the moment, a direct connection be- 
tween line and ground, there would be sufficient resistance and 
inductance in the ground connection and the discharge path in 
the earth itself to prevent an absolutely free discharge, and the 
result would be that the lightning would find other paths to ground. 
The case of a direct stroke by lightning near a station very rarely 
occurs. 

(d) Paralleling Out of Phase.--One more case of static may be 
mentioned. When two lines are thrown in parallel out of step 
there is an abrupt change of potential produced when the second 
leg of the paralleling switch is closed. This voltage change may 
run up to double line voltage if the generators are directly opposite 
in phase. The same effects may be produced when two generators 
are running in parallel by opening all the poles of the paralleling 
switch except one, for the machines soon get out of step. In this 
case a synchronous motor or rotary converter will act as a gener- 
ator for a time long enough to cause any possible damage to be 
accomplished. 

The most frequent causes of dangerous static disturbances in 
high tension circuits have been discussed. It is evident, however, 
that anything which causes an abrupt change of static potential of 
considerable severity may cause a dangerous strain on apparatus. 
In actual experience as a result of such strains, short circuits in 
coils are more common than grounds on windings. 
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Resonance.—Resonance does not strictly speaking come under 
the head of ‘‘static,” but to show its relation to the actions already 
discussed, some attention will be given it. As already frequently 
stated, any condenser discharging through inductance, the resist- 
ance being small, has an oscillating discharge, as a pendulum has 
an oscillating motion. If now an alternating electromotive force 
be applied to the discharging condenser in such a way that the 
electromotive force alternates just as often as the condenser dis- 
charges, and is always in the same direction as this discharge, the 
intensity of the oscillations will get greater and greater, just as 
the vibrations of the pendulum will get greater and greater if an 
alternating force is applied to it in such a way as always to increase 
its swing. There is no limit theoretically to the voltage that may 
be reached after a sufficient number of oscillations if there are no 
losses. However, in an actual trial the loss of energy in resistance 
and elsewhere gets greater as the oscillations get greater, and will 
finally equal the energy putin by the alternating electromotive 
force and thus stop the increase of voltage. Also, the exciting 
electromotive force may slowly get out of step, and so after build- 
ing up the oscillations for a while reduce them again. The in- 
crease of voltage may be stopped by a breakdown of insulation 
which may occur on account of the high voltage. That is, if we 
have an oscillating circuit, as, for example, a short transmission 
line, and an exciting cause of exactly the right alternations, a 
very high voltage may result. The exciting cause may be either 
the generator electromotive force or it may be some static electro- 
motive force; for example, another discharging condenser. In 
very few cases in actual installations, however, has it been directly 
shown that resonance has caused any serious rise of potential. 
There is no justification for hastily assigning resonance as the 
cause for unexplained static phenomena. 

The number of complete oscillations per second in a circuit con- 
sisting of a choke coil and condenser 1/2 t “/ ZC. So for the 
circuit to have a frequency of 7200 alternations it would require 
that the product of its capacity and inductance shall equal 
1/(2 * 60)”. If the capacity equals 10 microfarads the inductance 
must equal 7/10 henries, which is a large value. This shows that 
resonance with the generator electromotive force is very unlikely 
in high tension lines. A condenser of 1/10 microfarad with a coil 
of 1/1000 of a henry has 16,000 complete oscillations per second. 

When an alternating electromotive force is applied to a long 
transmission line, however, the action is somewhat different from 
that of a simple condenser. The first alternation of the electro- 
motive force sends a wave down the line which is reflected back if 
the end is open. If the applied electromotive force is just slow 
enough so that as it starts on its negative swing the reflected wave 
is just beginning to arrive again at the starting point, its electro- 
motive force is added to that of the impressed voltage and a sec- 
ond wave of double strength is sent along the line—when the next 
alternation is reflected back the applied electromotive force has 
reversed and again adds to the amplitude of the wave—thus just 
as with a condenser an excessive voltage will be built up if there 
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are no losses. But suppose that the generator has three times 
this frequency. The applied electromotive force will then have 
the same relative value, when the first wave reaches the beginning 
of the line, after reflection, as when it has only one-third the 
frequency, though two other waves have been sent into the line. 
The amplitude of the first wave will then be doubled, as before, 
and the same with the two succeeding waves. But by this time 
the first augmented wave has again been reflected and reached the 
starting point, so that it has a further increase of amplitude. The 
same thing occurs if the applied electromotive force has its fre- 
quency increased to five times its original value only five waves 
are operated on at once instead of three as in the previous case; 
similarly with seven, nine, etc., times the original frequency, 
which was such that in the time of one alternation a wave would 
pass the length of the line and return. Resonance of this type 
with a long line is much more likely to be met than with a simple 
condenser, for there are a great number of frequencies at which 
resonance may occur. 

If the periodicity of the applied electromotive force is not exacly 
right for resonance (this applies to long and short lines) there will 
still be acertain amount of rise of potential which will be less as 
the electromotive force departs further from the proper frequency. 

A summary of the conclusions so far reached follows: 

(1) When a ‘‘dead” transformer is connected to a live line a 
strain may be produced on the layers of the coil next to the ter- 
minal which may be as great as the line voltage. 

(2) When a short line is charged suddenly from live bus-bars a 
momentary voltage rise may be produced which will be not more 
than double voltage. 

(3) When a long line is charged a strain similar to that in the 
short line is produced, doubling the potential first at the end of 
the line and afterward along the whole length. This result assumes 
that the terminal of the line is abruptly raised to full normal 
potential and rigidly maintained there until the wave is fully 
formed; also that the losses are zero. 

(4) The fundamental principles governing the charging of a 
cable are the same as those of a transmission line. 

(5) Opening a light high tension circuit is nearly the equivalent 
of charging the circuit, since before the line is completely freed 
from the bus-bars it is often momentarily recharged several times. 

(6) When a branch line of small electrostatic capacity is sup- 
plied from a main line, the rise of potential at the farther end may 
be twice as great as at the end of the main line. 

(7) In addition to switching, other causes of static strains are 
grounding, short circuit, lightning, etc., when these cause abrupt 
changes of potential. 

(8) A rise of potential due to resonance is always possible, but 
generally improbable. It requires that there be an oscillating 
circuit and an exciting cause which must be of very nearly the 
same frequency as the oscillating circuit. When an alternating 
electromotive force of high frequency is applied to a long line the 
danger that resonance will occur is usually greater. 


PART II. 


PROTECTION OF APPARATUS AND THE STATIC INTERRUPTER. 


From the discussion in the first part of this paper, the conclu- 
sion seems warranted that some sort of static protection for ap- 
paratus in high tension circuits is very desirable. This fact has, 
indeed, long been almost universally recognized in a partial way, 

as is shown by the wide use of the lightning 


TRACING OF arrester. But the lightning arrester as com- 
DAMAGE monly found falls far short of affording com- 
CAUSED BY plete protection, although it has, in fact, been 
STATIC. quite effective in preventing grounds in appa- 


ratus (its only avowed object). As every per- 
son familiar with the operation of high tension electrical apparatus 
knows, short circuits as distinguished from grounds are a much 
more frequent cause of difficulty than grounds proper. Now, 
lightning arresters have little effectiveness for preventing short 
circuits, since the short circuit, when caused by static, is usually 


the result of the concentration on a small portion of the coil of a 
voltage not necessarily great with respect to the line voltage, but 
perhaps very great with respect to the normal voltage of the por- 
tion of the coil where the failure occurs. Some protection, how- 
ever, has often been secured by the use of choke coils in addition 
to the lightning arresters; but these have often been used in an 
aimless way, and have sometimes been omitted in very high ten- 
sion circuits where they are the most necessary. 

The chief reason why static protection has not received more 
careful consideration (although the lightning arrester proper has 
been long in commercial use) is the very great difficulty of tracing 
the effects of static to their true cause. In the first place very 
little is generally known as to what causes static strains and as 
to whereabouts in the circuit they are to be expected, nor as to 
what sort of injuries they inflict. The direct damage from an 
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excessive static strain is usually limited to the injury that can be 
caused by a spark carrying nothing but charging current to-some 
small portion of the apparatus. Such an injury would be invisible 
tothe eye. A great many repetitions would be required before an 
evident defect would appear. 

In the second place, when trouble develops from a static cause, 
it is usually made manifest by an are supported directly by the 
generator. This arc, of course, causes a great amount of burning 
of insulation and fusing of copper, which destroy all evidence of 
the original cause of the failure. Also at such a time usually 
little note is taken of attendant circumstances which could throw 
some light on the cause of the trouble. Most engineers will ap- 
preciate the great difficulty of getting afterwards the exact 
sequence of events in any breakdown. Again, sometimes a severe 
static strain will select some particular point where some defect in 
material or workmanship exists, and this imperfection when found 
is assigned as the cause of the failure, even though the defective 
part may have been amply able to withstand normal potential. 

Still another fact renders the tracing of static strains difficult. 
Only occasionally are the conditions favorable for the exciting 
spark to be followed by the normal electromotive force of the 
circuit, which alone makes the spark detectable. That means 
that if a watch is kept for the effect of any particular cause of static, 
such as switching, perhaps nine times out of ten this effect will 
not be discovered, because it is not made evident by the generator 
electromotive force. 

Sometimes a short circuit may be started by a static spark which 
involves so few turns of the coil, or has so much resistance, that 
the fuses and instruments will not be noticeably affected, and 
nothing is known of the trouble until it has developed, which may 
require some minutes or some hours. 

I do not mean to give the impression here that I consider every 
failure of high tension apparatus to be, somehow or other, due to 
static causes, for such is far from the truth; nor that such diffi- 
culties are of everyday ocurrence, for this would be much further 
from the truth; but it is true that static strains do cause break- 
downs, and that such are very difficult to trace to their true causes. 

Protection from static is a question of growing importance for 
several reasons. Circuits of high potential and long distances are 
rapidly extending, both as regards number, size and potential. 
The troubles due to static are certain to be more commonly recog- 

nized. In the future the standard of service 
PROTECTION will gradually rise, and nothing threatening its 

FROM STATIC. interiuption will be tolerated. 

I propose in what follows to describe the 
system of protection of high tension apparatus from static strains 
that is applicable to practically all cases of high tension trans- 
mission. In actual plants difficulties from static are found to 
occur usually in generators, transformers or instruments connected 
directly to the high tension circuits, or between lines, or to ground 
at ends of lines or other reflecting points. Direct strokes of light- 
ning are an exception to the statement regarding the location of 
damages. Why strains should appear at these points has been 
already explained. These injuries are of two distinct classes, 
short circuits and grounds, each type of injury being caused in a 
different way and requiring its own protective apparatus. They 
will be treated separately. 

As already fully explained, static causes short circuits by pro- 
ducing a momentary concentration of potential (which may or 
may not be greater than normal line potential) upon a few layers 
of the coils, which very probably may have been intended to 

withstand only asmall part of the strain brought 

PROTECTION uponthem. This successive momentary strain 
AGAINST results from a very abrupt change of potential 
SHORT CIRCUITS. of the terminal or other point of the coil, either 
up or down. With such a change, until charge 

can flow to the more distant layers, the full voltage of the poten- 
tial change will be impressed on the layers of the coil between the 
point of application of strain and those points to which charge has 
not penetrated. If this voltage is too much for the strength of the 
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insulation a spark passes. If conditions are favorable the electro- 
motive force of the generator causes a current to follow and a 
burn-out will usually result. In some cases, however, current from 
the generator may start to follow and drop out at the end of the 
first alternation. 

The characteristic of the static wave which causes the static 
strain to be concentrated on a few layers of the coil is its abrupt- 
ness. Therefore, if this wave be forced to pass through a choke 
coil and its abruptness thus reduced, the strain on the coil would 
be lessened; if the choke coil be sufficiently powerful the wave 
will be rendered harmless. It must be noted that it is by no 
means necessary for the choke coil to be effective that it be made 
powerful enough to entirely remove the strain from the trans- 
former coil; for its insulation will withstand a much higher elec- 
tromotive force of a static nature which exists but an instant than 
of a continuous nature like that impressed by the generator. 
Also, there is usually allowed (perhaps on account of the results 
of previous experience with static) a very great margin in the 
insulation between the layers of coils. 


The exact amount of abruptness allowable in the wave will 
depend on circumstances. Looking at the question more closely, 
it is seen that a choke coil cannot be said to have a definite pro- 
tective power regardless of the apparatus it protects. For more 
choking effect is required to protect a transformer coil of many 
turns or layers than a coil of few. The condition to be fulfilled is 
that by the time maximum voltage is reached at the transformer 
terminal, charging current shall have penetrated far enough into 
the transformer coil so that a sufficient number of layers shall 
share the strain for their combined insulation strength to be able 
to resist it. The function of the choke coil is thus seen to be 
simply one of delaying the wave to give the inflowing charge time 
to become distributed over the coil. The length of time required 
depends on the rate at which the charge penetrates the coil and 
the strength of theinsulation. It has already been stated that the 
rate at which the wave penetrates is inversely proportional to the 
square root of the product of its electrostatic capacity and its in- 
ductance. The inductance of the protecting choke coil should be 
larger than that of the minimum portion of the transformer coil 
which is able to stand the strain of the most severe static wave 
that may occur. 

But such a choke coil has other effects than the retarding of 
static waves, it will also retard the normal flow of current; in some 
cases to such an extent as to be quite an undesirable feature. 
The choke coil also has resistance and will waste energy, and 
unless a prohibitive cost of copper is used this loss of energy will 
sensibly affect the efficiency of the plant; further, the-coil will 
get too hot. It will be found in most cases that with high tension 
apparatus choke coils powerful enough to protect perfectly are 
impracticable on account of size or cost. 


To meet this very serious difficulty the author proposes the use 
of a device he has called the ‘‘static interrupter.’’ The “static 
interrupter” is a combination of a choke coil and a condenser, 
connected in such a way as to magnify the effect of the choke coil 

as regards static waves without causing a 

STATIC sensible derangement of the normal operation 

INTERRUPTER. of the circuit. By the use of this device a com- 

paratively small coil can be made to afford the 

saine protection as a coil of much larger dimensions without 

entailing either excessive cost or excessive loss of energy or 
heating. 

The static interrupter consists of a choke coil in series with the 
line and a condenser connected by one terminal between the 
choke coil and the winding to be protected, and by the other ter- 
minal to such parts of the apparatus as have electrostatic capacity 
with this high tension winding; in a transformer to the low ten- 
sion winding and the core. However, as these parts are always 
(as compared with the high tension) at ground potential, the 
second condenser terminal may be connected directly to ground. 
The diagram of connections for the interrupter protecting a trans- 
former or generator are shown in Figure 7. 
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It is evident that more time is required for sufficient charge to 
pass the choke coil to charge the transformer terminal and con- 
denser together than would be required to 

PROTECTIVE charge the terminal alone. This means that 
POWER OF STATIC the maximum static strain will be distributed 
INTERRUPTER. over a larger number of layers in the first case 
than in the second. The ratio of the electro- 

static capacity of the condenser to that of the transformer ter- 
minal and the adjacent parts of winding is an important factor 
in determining the protective power of the interrupter, as it indi- 
cates the extent to which the potential of the terminal is reduced 
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FIGURE 7.—STATIC INTERRUPTER PROTECTING A TRANSFORMER AND HIGH 
TENSION GENERATOR. 
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by the addition of the condenser. It is possible to get almost any 
desired degree of protection by the use of a sufficiently large con- 
denser without unduly increasing the size of the choke coil in 
series with the circuit. Actual experiment shows this method of 
protection to be very effective in reducing the static strains in 
coils. 

On the other hand, the use of the static interrupter, although it 
delays the penetration of the crest of the advancing static wave, 
does not necessarily prevent the ultimate rise of potential of the 
terminal, that is, it affords no direct protection against grounds. 
However, in cases where the interrupter is used in connection 
with a lightning arrester (which should always be connected on 
the side of the choke coil farthest from the condenser) the delay 
of the wave does give additional protection against grounding of 
the winding, as it allows the arrester more time to discharge the 
line. 

The interrupter performs a more important function in connec- 
tion with the discharge of an arrester by protecting the winding 
from the violent strains that result from the abrupt grounding of 
the circuit caused by the discharge. As the discharge of the arres- 
ter occurs only when line potential is much above normal and 
may be carried momentarily much beyond ground potential on 
account of its oscillatory nature, the shock to the coil may be a 
very severe one. 

It is thus evident that by placing a proper static interrupter in 
each lead wire of a transformer or other apparatus which may be 
connected with a source of static disturbance, such as a line or a 
high tension switch, complete protection may be secured against 

short circuits in the windings caused by static 


LOCATION originating outside of the transformer. As 
OF STATIC switching is a frequent cause of static strains, 
INTERRUPTERS. the interrupters should in general be placed © 


between the apparatus and the switches, thus 
making the interrupter virtually a part of the transformer or gen- 
erator to be protected and not a part of the line. If, however, 
each individual transformer is provided with static interrupters, a 
larger number of interrupters is required than would be necessary 
for protecting a bank of transformers as a whole from disturbances 
upon the transmission line. If there is no switching of individual 
transformers, it is then satisfactory to arrange the apparatus so 
that several transformers will be protected by the same interrupt- 
ers. For example, in polyphase systems a group may be protected 
as aunit instead of giving individual protection to each trans- 
former. The precise arrangement of apparatus in a given case 
will depend upon the number of transformers to be protected and 
the arrangements whtch are provided for switching. 
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There are certain cases in which switching may be done between 
the interrupter and the transformer. The transformer may be cut 
out of circuit by the opening of circuit breakers, fuses or switches, 
or transformers may be connected to a live high tension circuit, 
provided their low tension windings are at the time supplied 
with current from the same generator as the circuits from which 
they are switched. Such switching causes no change of potential 
at the terminals and consequently no strain. Also, fuses and cir- 
cuit breakers may be opened by overloads or short circuits with- 
out regard to the low tension connections or without danger from 
static as the arc formed assures a gradual change of potential. 
The proper connections for static interrupters in the arrangements 
of apparatus most frequently found are shown diagrammatically 
in Figure 8. - 

Some of the features of actual static interrupters intended for 
commercial service work may be of interest. These interrupters 
are usually single pole; that is, one coil and one condenser are 
placed in a containing case. As the interrupters are used on high 
voltages, coils and condensers are placed in oil. 
The oil facilitates the cooling as well as 
strengthening the insulation. The choke coils, 
which contain no iron, receive the full force of 
the static waves which they are intended to 
check, and are very heavily insulated. On a 
three-phase circuit the condensers must support continuously a 
strain approximately 6/10 of the normal line voltage without 
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FIGURE 8.—SHOWING ARRANGEMENTS OF STATIC INTERRUPTERS PROTECTING 
GENERATORS AND GROUPS OF TRANSFORMERS. 


breakdown and without overheating; they must also be able for 
moderate lengths of time to stand full line voltage in case one leg 
of the circuit becomes grounded. 

The fact may not be generally appreciated that condensers have 
a very considerable heat loss which must be carefully considered 
in designing the interrupter. The loss for any given dielectric 
varies in actual condensers approximately as the square of the 
voltage and increases rapidly with the temperature. The loss in 
a condenser may be increased several times by changing its tem- 
perature from 20 degrees centigrade to 100 degrees centigrade. 
This fact indicates the importance of not allowing condensers to 
get hot. 

The actual electrostatic capacity of condensers for static inter- 
rupters is made much larger than the electrostatic capacity of the 
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windings they are to protect, but is still very small, seldom ex- 
ceeding a few hundredths of a microfarad. The reaction of the 
condenser upon the circuit for generator frequencies is therefore 
negligible. 

A ground is the result of a rise of potential higher than the in- 
sulation of the apparatus is adapted to withstand (assuming that 
the insulating material contains no local defects). Such an ex- 
cessive strain may result from static disturbances or from other 

causes. It has been shown that lightning may 
PROTECTION be one cause and that under certain circum- 
AGAINST stances switching and similar disturbances may 
GROUNDS. produce high momentary voltages. Therefore, 
unless the apparatus is insulated to stand such 
excessive potentials, which may be possible with Jow and moder- 
ately high voltage circuits, but it is hardly practical with extra 
high tension, we must use some means of prevention. The stan- 
dard lightning arrester spark gap used to prevent excessive poten- 
tials from lightning is effective also against other causes of 
static. 

A simple air gap between line and ground is an ideal lightning 
arrester or line discharger as far as its protecting power is con- 
cerned. It absolutely resists the passage of current up to a cer- 
tain voltage, which can be predetermined quite closely, and if this 

critical voltage is exceeded, breaks down and 

LIGHTNING furnishes a non-inductive and nearly resist- 
ARRESTERS. anceless discharge path for carrying off any 
amount of static electricity that may appear on 

the line. This means that when once the gap has broken down 
no amount of charge on the line can raise its potential above the 
ground. However, if the ground connection be not perfect, or if 
either in the arrester or in its connections there is sufficient induc- 
tance or resistance, it is then possible to have a dangerous rise of 
potential on the line after the air gap has broken down, due, of 
course, to the checking of the discharge of the line by the induc- 
tance or resistance. Unfortunately, however, when single spark 
gaps are used as lightning arresters, then simultaneous discharge 
on two or more legs of a line forms a short circuit on the line, and 
the usual result follows. If one leg of a circuit is accidentally or 
permanently grounded, an arrester discharge on any one of the 
other legs causes a short circuit. 

The air gap lightning arrester to be commercially successful, in 
addition to giving protection from static, must be able to inter- 
rupt the short circuit current which tends to follow lightning dis- 
charges. The devising of an arrester to meet all conditions is a 
very difficult problem. Fortunately, however, a large number of 
small gaps in series may be substituted for one single gap of larger 
dimensions, which greatly increases the ‘‘non-arching”’ power. 
A very few gaps of non-arching metal are satisfactory under some 
conditions; but the more the gaps are subdivided the more effec- 
tive the arrester. On high voltages, however, and under some 
other circumstances, such a large number of these gaps must be 
used on the arrester as to interfere with its protective power by 
requiring a rather excessive voltage to cause the gaps to discharge. 
If the amount of the current that can flow on short circuit be 
limited either by series resistance or otherwise, a considerably 
reduced number of gaps will be non-arching. 

The use of series resistance to render an arrester non-arcing 
has the advantage of cheapness and simplicity, and is very effec- 
tive as far as rendering the arrester non-arching is concerned, but 
it has the great disadvantage of introducing the resistance in the 
path of the discharge of the line. In many plants the small size 
of the generators limits the current flow on short circuit in such a 
way as to render no series resistance necessary. It must be 
remembered in this connection that all synchronous apparatus 
connected to an electric circuit (and sometimes induction motors) 
will temporarily act as generators at the time of a lightning dis- 
charge on account of the energy stored in the momentum of their 
revolving parts. 

In many cases where the short circuit current taken by the arres- 
ter is not excessively large, the series resistance may be shunted 
by additional gaps which will allow the static discharge to pass 
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directly to earth around the resistance. If the parts are properly 
proportioned, the subsequent arc will be drawn from the shunted 
gaps by the resistance and thus extinguished. If the number of 
shunted gaps is no greater than of the unshunted gaps no greater 
voltage will be required to discharge over the whole number than 
over the unshunted gaps alone. This is because the shunted and 


. unshunted gaps are separately broken down, one after the other. 


Therefore no protecting power is lost by the addition of the shunted 
resistence. 

In the cases where such resistance, shunted by gaps, is not suf- 
ficient, a small series resistance in addition will make the arrester 
non-arching. In other words, where a large series resistance is 
required, part of it may be shunted by gaps in such a way as to 
introduce only a small resistance in the discharge circuit of the 
arrester. 

It should be noted, as in the case of short circuits in coils from 
static sparks, that if the discharge through an arrester passes at or 
near the time of zero electromotive force of the generator there 
will be little likelihood of a permanent short circuit. 

Although the insertion of resistance in the discharge path of an 
arrester may under some circumstances prevent the very thing 
that the arrester is supposed to accomplish, nevertheless its great 
effectiveness in rendering the arrester non-arching and its wide 
commercial use requires a statement of the conditions under which 
it may safely be used. It evidently makes no difference how much 
resistance or inductance is used in series with an arrester, provided 
it is always able to discharge the electricity as fast as it actually 
appears on the line at the point where the arrester is connected 
without causing a potential in the arrester greater than that 
required to cause the arrester to discharge in the first place. In 
discharging electricity a resistance requires a potential equal to 
the product of the current strength and the resistance; inductance 
causes a counter electromotive force equal to the product of its 
inductance and the rate of increase of the current. At each in- 
stant of time the current flowing in the arrester circuit has a 
definite value and a definite rate of increase (or decrease). There- 
fore for the arrester to meet the above condition the sum of the 
two potentials caused first by the current at the moment flowing 
in the resistance and second by the rate of increase of current in 
the inductance, must at no time exceed the potential required to 
cause the arrester to discharge. 

It will be readily seen that the greater the quantity of static 
electricity to be discharged and the more sudden its appearance, 
the more severe the conditions on the arrester. Also, that the 
greater the resistance and the inductance of the arrester circuit, 
the greater the likelihood of a dangerous rise of potential. Just 
what the greatest allowable values of resistance and inductance are 
in any given case will depend upon various circumstances and 
cannot usually be definitely predicted. Therefore, in all cases the 
lowest practicable amount of resistance and inductance should be 
used in series with the discharge path of the arrester. It should 
be noted that with an increasing current flow through the arrester 
circuit the quantity of electricity discharged by the arrester before 
the dangerous point of potential is reached will be much more 
than proportionally greater with a low than with a high resistance. 
That is, if the series resistance in one case is one-half that in 
another, both discharging the same increasing cnrrent, the quan- 
tity of electricity that will have passed the first arrester when a 
given potential is reached is much more than twice that passed in 
the second case when the same potential is reached. This fact 
makes it still more desirable that series resistances should be kept 
as low as possible. 

Resistance and inductance in series with the arrester circuit have 
the advantage of preventing to some extent the very sudden 
grounding of the line that otherwise results from the arrester dis- 
charge and which causes severe strains in the windings of adjacent 
apparatus. This is an advantage by no means to be overlooked, 
for it will be remembered that short circuits are much more fre- 
quent than grounds. 

A proper air gap lightning arrester will prevent an excessive rise 
of potential above the ground at that point of the line to which it 
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is connected, but on account of the wave nature of the static dis- 
turbances it will not necessarily prevent an excessive rise of poten- 
tial at some other point of the circuit more or 

LOCATION less distant. For if the arrester happen to be 

OF ARRESTERS. at the zero point of a wave the arrester will not 
discharge, even though the crest of the wave at 

some other point may be at a very high potential above the earth. 

It is a somewhat difficult problem to obtain complete protection 
at all points; however, in actual circuits adequate protection can 
usually be secured. Actual commercial plants fall into two classes, 
viz., plants in which the apparatus connected to the high tension 
circuits is scattered about at numerous more or less widely separ- 
ated points, and plants where the apparatus is all concentrated at 
a few points. 

(a) Plants With Apparatus Distributed.—For absolutely com- 
plete protection from ground in plants having distributed appar- 
atus, arresters will have to be placed wherever there is apparatus 
that needs protection. In most cases this would mean an almost 
prohibitive expense. Fortunately such plants are ordinarily of 
comparatively low voltage, and therefore require protection (as far 
as static from grounds is concerned) only from lightning. There- 
fore, by placing arresters in such locations as to readily discharge 
static waves that may arise in the most exposed portions and by 
scattering arresters at intervals over the line at other points suffi- 
cient protection is secured. The exact number of arresters required 
in any given case depends upon the local conditions. This type 
of circuit, with distributed apparatus, is seldom found above 30v0 
volts. : 

(6) Plants With Apparatus Concentrated at a Few Points.—In 
these cases the sources of static disturbance are either at some 
point away from the apparatus, or are, electrically speaking, at 
the point where the line enters the station; that is, where a rise of 
potential is caused by switching in the station, all the high tension 
wiring is at the same potential, and the rise can be limited by an 
arrester placed on each leg of the line at the point where the line 
enters. But these arresters, provided they be placed on the line 
side of apparatus, will also protect from dangerous static waves 
produced at points away on the line, for such waves must pass the 
arrester before they can reach the apparatus, and will thus cause 
arrester to discharge. Therefore, in circuits of this type, which 
includes practically all high tension circuits, protection from 
grounds will be secured by proper arresters, placed one on each 
line wire where it leaves a station. The arrester must be placed 
outside of all choke coils and static interrupters, so that these 
may prevent static strain in the apparatus from the discharge of 
the arrester. This distribution of arresters is the one that has 
usually been followed in actual installations. 

The system of protection that I have outlined for the protection 
of high tension circuits therefore consists of the use of proper 
lightning arresters at appropriate points to protect against grounds, 
and static interrupters to protect apparatus against short circuits. 
The lightning arresters should be of adequate design, but no radi- 
cal change from the usual present practice in regard to location is 
required. 

The use of the static interrupter is, however, new, and it has 
been one of the objects of this paper to give a full exposition of 
the protection it affords and to discuss fully the conditions which 
render its use advantageous. 

A summary of the most important conclusions regarding arres- 
ters and interrupters follows: 

1. Damage resulting from static strains is of two sorts—short 
circuits and grounds. It is the function of the static interrupter 
to protect apparatus against such short circuit 
strains; it is the function of the lightning arres- 
ter to discharge the line of excessive static 
charge and thus prevent grounds. 

2. The static interrupter consists of a choke coil and conden- 
ser, the latter being connected between line and ground on the 
apparatus side of the choke coil. The interrupter delays and 
smooths out static waves which attempt to pass it. The conden- 
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ser by absorbing a large part of the static charge which passes the 
choke coil very much increases the effectiveness of the coil. 

3. The choke coil and condenser of the interrupter must be 
adapted to the circuit upon which it is to be run, and must be pro- 
portioned with regard to the design of the apparatus it is to protect 
The interrupter should be placed nearer the apparatus than any 
switches which are to he operated with potential on the line (see 
page 96 for exceptions). The interrupter is thus essentially a part 
of the apparatus to be protected and not a part of the line or the 
arrester. 

4. Lightning arresters must be able to discharge electricity 
from the line as fast as it actually appears there, and must also be 
non-arching under all conditions. Any resistance or inductance 
used in series with the arrester should be low enough to allow the 
passage of all actual discharges without causing excessive poten- 
tial on the arrester. 

5. On the systems where the apparatus is distributed the arres- 
ters should also be distributed. On systems with apparatus con- 
centrated at a few points arresters should be placed on each line 
wire where it leaves a station. 

6. Well designed static interrupters and lightning arresters, 
properly arranged, furnish a complete system of protection against 
the static disturbances found on high tension lines. 

It is quite evident that the protection of the apparatus of a large 
high tension system, with its numerous opportunities for static 
disturbances and its widely spread apparatus, is by no means a 
simple problem, to be solved off-hand by the use of a few light- 
ning arresters of any available style. The type and location of 
the protective devices must be adapted to the actual conditions of 
the plant; the severity of the lightning in the neighborhood, the 
voltage of the system, the type of apparatus to be protected and, 
perhaps, the actual constants of the circuits. The determination 
of the most satisfactory protection is a matter to be arrived at 
from a combination of theory, experience and experiment, and 
any protective system should be freely modified when actual trial 
shows a better arrangement. It is to be hoped that engineers and 
others who have the opportunity will carefully study the ques- 
tions of static experimentally, giving them all the attention that 
their importance deserves, and that we may in consequence look 
forward to the time when difficulties from static causes may be 
practically unknown. 


THE WILLIAMSBURG SUSPENSION BRIDGE. 
PROPOS of great spans, it is of interest to compare the great 
Carquinez span* of the Bay Counties Power Company, 
which has a length of 4427 feet between supports, with 
that of the new East River Bridge, officially known as 
the Williamsburg Bridge, which spans East River from Delaney 
Street, New York, to South Fifth Street, Brooklyn. The details 
of this remarkable bridge, which is supported by cables furnished 
by the John A. Roebling’s Sons Company, are as follows: 
Extreme length between terminals, 7200 feet; length between 
anchorages, 2800 feet; length of river span, 1600 feet; height of 
cables at top of tower above high water, 333 feet; height of lowest 
part of bridge at center of main span above high water, 150 feet; 
width of bridge, 118 feet; diameter of cables, 19 inches; number 
of cables, 4; number of wires in each cable, 7696; size of each 
wire, No. 6, about three-sixteenths of an inch diameter; com- 
bined weight of cables, 4400 tons; combined strength of cables, 
go,000 tons; weight of main span, 12,000 tons; cost of cables, 
$1,250,000; cost of complete bridge, about $15,000,000. 








Reference should be made to the fact that arrangements have 
been perfected whereby all illustrations appearing in THE JouR- 
NAL, whether in half tone or line etching processes, will be pro- 
duced by The Half Tone Co, 144 Union Square Avenue, San 
Francisco, Cal. Its plant and methods are modern in every 
respect, and its work alone, of all that produced on the Pacific 
Coast, is adapted for the high grade character of THE JOURNAL’S 
illustrations. 


*THE JOURNAL, Volume XI, 1901, pages 91 and 246. 
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THE EFFECT OF INDUCTIVE LOADS ON TRANS- 
FORMER REGULATION. 
BY P. C. BUTTE. 

N mapping out transformer specifications much stress is usually 

| placed upon close regulation on non-inductive loads, but 

seldom, however, is any attention paid to the inductive load 
regulation. In some cases where transformers work satisfactorily 
on non-inductive loads, they would prove useless on inductive 
loads owing to their poor regulation under the latter conditions. 
This has been experienced where arc lamps and induction motors 
were added to a lighting load. 

The inductive load drop can be reduced to a low point by the 
proper arrangement of materials in the transformer, principally 
in reducing the number of turns on the primary and secondary 
and by meshing the primary and secondary coils so that magnetic 
leakage will be reduced to a minimum; in other words, to reduce 
the reactive drop to the lowest possible limit. 

Very frequently the designer will sacrifice inductive load regu- 
lation for a low core loss by placing a comparatively large number 
of turns on the primary and secondary coils, thus reducing the 
flux through the iron. A transformer of this type is a proper one 
for incandescent lighting, but should not be used on inductive 
loads, where close regulation is important. It might be added 
that two transformers having the same core loss and the same 
regulation on equal non-inductive loads, if the first has a closer 


ts ite if ets: 
GEE dt ae eee nate nce Ht HEE ih 
oe Bat tel ie as nt enn 
(00 §ooe 10000 


CUGENE OFETZGEN CO. CHICAGO 4000 - 
Vout: AMPERES. 
FIG. 1. 





/ Feo 





regulation on inductive loads than the other, the former shows a 
better arrangement of materials and is a better piece of apparatus. 

In selecting transformers efficiency and satisfactory service are 
the first considerations. Regulation on motor loads is not of great 
importance excepting where close speed regulation is desirable. 
Where motors are run with lights good inductive load regulation 
is necessary, and care should be exercised in selecting the proper 
transformers. Where permissible it is sometimes advisable to 
run lighting loads and power loads on separate transformers. 
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A test was made on a transformer of well known make showing 
the effect of an inductive load upon the regulation. The trans- 
former was connected up in the three-wire fashion, and the effect 
of unbalancing is shown by figure 1. Curve D represents the drop 
in voltage when both sides of the transformer are equally loaded 
non-inductively. This is equivalent to a two-wire connection in 
regulation. Curve C represents the drop in voltage on one side of 
the transformer loaded non-inductively, the other side having no 
load. The voltage on the unloaded side was practically the same 
as when the transformer was unloaded on both sides. In order to 
easily make comparisons, those curves showing the drop on one 
side of the transformer have their volt-ampere scale doubled; 
thus, the maximum load shown on curve C is 5000-volt-amperes. 
The curve 4, represents the drop on one side of the transformer 
carrying an inductive load having a power factor of .7; the other 
side, shown by curve A2 was unloaded. A rise in electromotive 
force is shown by curve 42, which is due to high magnetic leakage; 
this electromotive force is not exactly in phase with the electro- 
motive force of curve 47. Curve 27 shows one side of the trans- 
former loaded inductively while the other side, 22, carried an 
equal non-inductive load. This clearly shows the effect of an 
inductive load. The primary electromotive force was kept con- 
stant throughout the test. 

In practical work, testing for regulation on inductive loads is 
not always convenient. A formula has been derived from the 
geometry of the relations of the electromotive forces of a trans- 
former carrying an inductive load which is sufficiently accurate 
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for ordinary work. Figure 2 shows this relation. / represents 
the impressed electromotive force, S the secondary electromotive 
force, ir the copper drop and 7x the reactive drop. The angle @ 
shows the angle between the secondary current and electromotive 
force. The copper and inductive drops are obtained by adding 
together the drops in the primary and secondary coils after hav- 
ing reduced the winding to a straight ratio. In order to obtain 
the reactive drop on transformers whose drop is principally due 
to resistance, it is advisable, for accuracy, to know the drop on 
the transformer carrying an inductive load of known power factor. 
By substituting in the following equation we get, ; 
(i) 4e= J P?—(S cos 0+ir)?—S sin 0 
Where ia=reactive drop, /=impressed electromotive force, 
S=secondary electromotive force, cos 0=power 
factor of load. 
iy =resistance drop, volts. 
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Fig. 3 


The reactive drop can very often be calculated from the speci- 
fications of transformers, if accurately given. 

Let C= Full load current, 

N=Core loss in watts, 

=Total losses in transformers at full load. 

. L—N 

(2) Then ir= a 
(3) and ix=/P?—(St+ir? 
This relation is shown by figure 3. 
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After having determined the reactance drop, the per cent sec- 
ondary drop 7 on a transformer carrying an inductive load is 
found from the following formula: 


(4) D="~ /: sin 0+-E cos 0 


Where, 71 =reactance drop in volts, 
iy =resistance drop in volts, 
cos = power factor of load. 
E=per cent. drop in transformer due to resistance when 
transformer carries a load in amperes equal to the given inductive 
load amperes 





PERSONAL. 


ORVILLE H. ENSIGN is a blue-blooded Knickerbocker by 
nativity and early training, having been born in Ithaca, N.-Y., on 
July 8, 1863. More than this, he came from the sterling stock 
which characterized the earliest English and Dutch settlers in 
New Amsterdam. At the time of his birth his father, H. W. 
Ensign, was a captain of a company of United States volunteers 
at the front. His education consisted 
of that of the common schools, with 
enough high school work to enable 
him to enter Cornell University with 
the class of ’84, taking the course in 
mechanical engineering. Viewed 
from the standpoint of tuition—and 
from that standpoint alone—the path 
of young Ensign was not an easy one, 
for he was compelled to earn a material 
part of his expenses through college, 
and, at last, after two years at Cornell, 
he gave up his university work and 
became entirely responsible for his 
own career. 

Thus it was that he started out upon 
the mechanical career which has given him the sturdy foundation 
upon which he has builded so well in electrical transmission 
engineeriny. His first work after lerving Cornell was in a machine 
shop in Ithaca, and although he remained in the place for but a 
year, that time proved amply long for him to demonstrate his 
worth and rise to a position of trust and responsibility. But the 
sphere of experience presented in that machine shop, although 
good, was not wide enough to satisfy his growing ambition, so he 
left there to enter the employ of the Schenectady Locomotive 
Works, where he served in several capacities in the shops and 
draughting rooms from the summer of 1883 to the spring of 1887. 
Then came the parting of the ways, for when it came to choosing 
between pursuing the conservative course of continuing in the 
employ of the Schenectady Locomotive Works or reaching out 
into a new field by accepting a position offered by the United 
Edison Company, of New York, Mr. Ensign elected to leave 
Schenectady for New York City in the belief that the electrical 
field was the better one. 


It was, as stated, in 1887 when Ensign entered the employ of 
the United Edison Company, his first work being on the installa- 
tion of isolated plants. For awhile he had charge of trouble 
work in isolated plants for what is now greater New York, but his 
rise was rapid, for in the fall of the year last named he was placed 
in charge of isolated plant work for the State of New York under 
the State agents of the United Edison Company. This position 
was held until the Edison General Electric Company was formed 
in the winter of 1888-89, when Mr. Ensign, then a young man of 
25, entered the Edison General factory at Schenectady in order 
that his knowledge of eectrical machinery fer se might be as 
thorough as possible. 

That was about the time which marked the beginning of street 
railway motor work, at least that was the time when the Edison 
General Electric Company seriously begun the building of street 
railway motors, and Mr. Ensign was placed in charge of testing 
in the railway motor department of the works. Here he remained 
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for one year, when he was promoted to the position of chief in- 
spector for the company, he being the first to hold that position. 
As a result to Mr. Ensign belongs the credit of organizing the in- 
spection department of the works. 

On account of the ill health of members of his family, Mr. Ensign 
was compelled to resign in 1893 and to move into the more even 
climate of California. He went to Redlands at once, selecting it 
as possessing the climate best suited to the needs of his family, 
and although he arrived there an entire stranger, within a week 
he found employment with the Redlands Electric Light and Power 
Company as inspector for the manufacture of the pipe line which 
was being built for the original plant of the Redlands company— 
the plant which has since become famous for the part which it has 
played in the development of long distance power transmission in 
America. Mr. A. W. Decker, who was of all others distinctively 
the pioneer engineer in electrical transmission work in southern 
California, was at that time the electrical engineer of the Redlands 
Electric Light and Power Company, but as he died before the 
completion of the plant, Mr. Ensign was chosen to make the final 
test for the Redlands company before its acceptance. Dr. Louis 
Bell acted for the General Electric Company in this test, and as 
it marked the beginning of the first commercial polyphase trans- 
mission in the country it is evident that Mr. Ensign was in ‘‘on 
the ground floor’’ in transmission engineering. 

This was in September, 1893, and in the summer of 1894 he 
entered the employ of the Los Angeles Railway Company in its 
mechanical department. In January, 1895, Mr. Ensign took 
charge of the construction of power plants for the Los Angeles 
and Pacific Electric Railway Company, after which he started and 
operated the system in the capacity of mechanical and electrical 
superintendent. But the spirit of transmission engineering work 
could not be held in the background, and in March, 1896, 
Mr. Ensign re-entered the employment of the Redlands Electric 
Light and Power Company as superintendent, just prior to the 
inception of tha project of the Southern California Power Com- 
pany, which has since resulted in the epoch making 33,000-volt, 
eighty-three mile transmission from the Santa Ana River to the 
city of Los Angeles. From first to last Mr. Ensign was the 
engineer who held the reins guiding this remarkable transmission 
to its successful outcome, and when it is remembered that he was 
in full charge of all its mechanical and electrical detail, and that 
the system at one bound practically doubled the voltage and 
doubled the distance theretofore accomplished in any electric 
power transmission, some measure of his great engineering ability 
is certain to be recognized. The property of the Southern Cali- 
fornia Power Company has since been merged with the properties 
of the Redlands Electric Light and Power Company and the 
Edison Electric Company of Los Angeles, the whole being oper- 
ated now as the system of the Edison Electric Company, and 
embracing practically the whole of the great San Gabriel and San 
Bernardino valleys, with extensions reaching as far south as Santa 
Ana. This entire system, embracing almost a continuous stretch 
of territory running nearly 100 miles east and west by perhaps 
thirty miles north and south, is now being operated under the 
direction of Mr. Ensign as its mechanical and electrical engineer 
and superintendent. In addition to the cares of administration of 
his present position he is now engrossed in perfecting the engi- 
neering details of the plans for Mill Creek No. 3 power house (a 
plant of 4000-horsepower to operate under a head of 1960 feet), 
after which he will undertake the far greater transmission which 
his company proposes to soon install for the bringing of power 
into Los Angeles from the Kern River. This contemplates a 
transmission of some 30,000-horsepower over lines perhaps 120 
miles in length. 

Mr. Ensign possesses one of those individualities perhaps best 
characterized as original and indefatigable. Lack of precedent is 
no obstacle to him; indeed, he brushes precedent away as he does 
a physical discomfort or inconvenience. His whole soul is in his 
work, as it always has been, and that is the chief reason why he 
has risen to the eminence which he holds in the history and pres- 
ent status of the electric power transmission industry of America. 
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ANENT THE BULLOCK COMPANY. 
BY GEORGE BULLOCK, PRESIDENT. 
S the Bullock Electric Manufacturing Company has grown 
and become a power in the electrical field, its influence has 
been keenly felt by its competitors, and we regret to state 
that as a result many false and malicious statements 
have been circulated about it. 

It has been asserted that it is useless for customers to buy 
apparatus from the Bullock Compeny for the following reasons: 

First—‘‘That the Bullock Electric Manufacturing Company 
was about to sell or be sold out and its designs and patterns would 
be destroyed and that it would never be able to complete contracts 
entered into.” 

Second—‘‘ That one of its competitors owns the controlling 
stock and interest in the company, and the Bullock Manufactur- 
ing Company would not be allowed to sign the contract for the 
work even though it were awarded to it.’’ 

Third— ‘‘ That the facilities of the Bullock Electric Manufactur- 
ing Company were unequal to the filling of large orders, nor had 
it the necessary capital to take large contracts.”’ 

Fourth—‘‘ The Bullock Electric Manufacturing Company was 
being sued or was to be sued for infringement of patents, and the 
customer’s plant would be shut down if they purchased apparatus 
from it.” 

The Bullock Company therefore wishes to give a few facts in 
rebuttal of these statements. 

First—We are not now nor do we contemplate negotiating the 
sale of our plant to our competitors or others, and we have suffi- 
cient suiplus to pay dividends on our preferred stock for several 
years if the factory were shut down tomorrow. 

Second—The Bullock Electric Manufacturing Company is a 
close corporation and not one dollar’s worth of its stock is owned 
by its competitors. The controlling interest of the stock is owned 
by the officers of the company, and they are in a position to dic- 
tate the policy of the company and not to be dictated to. 

Third—The Bullock Electric Manufacturing Company is now 
building machines up to 3200-kilowatts, and have their machine 
shop No. 3 now under construction and well on towards comple- 
tion. This- will add facilities to the plant which will make pos- 
sible the building of machines in units as large as 10,000-kilowatts 
capacity. 

Fourth—The Bullock Electric Manufacturing Company has not 
been sued nor do we believe there is tenable ground for suit on its 
direct or alternating current generators, rotary converters or 
transformers. The only suit now pending is that of the Tesla in- 
duction motor patents. Thus far we have won every patent case 
that has been brought against us, and there is good reason to 
believe we will win this suit. 

Fifth— Notwithstanding these malicious statements on the part 
of the representatives of our competitors, prospective customers 
who have taken the trouble to investigate have found these state- 
ments absolutely without foundation, and have shown their con- 
fidence in us by keeping our works running night and day. 

Sixth— Purchasers should weigh well the fact that men who will 
prevaricate to injure their competitor may also use this same 
method in trying to impress people with the idea that ‘hezr pro- 
ducts are superior. 

Seventh—The success of the Bullock Electric Manufacturing 
Company in building both direct and alternating current machin- 
ery and its rapid growth has been phenomenal, and the Bullock 
Company is in business to stay. 

In closing I wish to say that statements such as those above 
quoted are actionable at law, and we simply await an opportunity 
to secure sufficient evidence against those making such statements 
to place the matter in the hands of our attorney. 





LIEUTENANT W. STUART SMITH, U.S. N., retired, has returned 
to San Francisco from Cavite, P. I., where he has been located for 
several years in the service of the Government, and has reopened 
offices at 206 Sansome Street for the resumption of his practice as 
consulting electrical and mechanical engineer. 
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LITERATURE, 


“ARMATURE WINDINGS OF DIRECT CURRENT DYNAMOS,”’ by 
E. Arnold, translated from the original German by Francis 
B. De Gress, M. E., chief of the testing department of the 
Crocker Wheeler Company, Ampere, N. J. Size, 6 by 9% 
inches; 124 pages; 146 illustrations. Price, $2.00. Published 
by D. Van Nostrand Company, New York, 1902. 


In his preface, the author states that while lecturing at the 
Polytechnic School at Riga he experienced difficulty in present- 
ing to the students in a brief and simple manner the various 
methods of winding the armatures of direct current dynamos so as 
to enable them to solve independently any assumed problem in 
winding. In consequence of this an endeavor was made to estab- 
lish rules for the various windings, when it was found that all the 
so-called closed-coil windings with either series or parallel arrange- 
ment of the inductors could be embraced under a general rule 
which applied equally well to ring, drum and disk armatures. 
Indeed, the author demonstrates that the common as well as the 
peculiar properties of the various windings can be accurately 
observed with the aid of the rule which he presents and which is 
offered as a general solution of the winding problem. As the 
principle expressed is fundamental, Professor Arnold’s work has 
been considered of sufficient importance to be translated into 
English and published in the present form. The work demon- 
strates the application of the Arnold rule to practically every 
known important form of direct current armature winding. 





‘““THE ARITHMETIC OF ELECTRICAL MEASUREMENTS,” by 
W.R. P. Hobbs, R.N. Ninth edition; 744 by 43%; 112 pages; 
cloth. Price, 50 cents. Published by D. Van Nostrand Com- 
pany, New York, 1902. 


A little book of electrical problems and solutions of problems 
designed for the use of beginners and students, and treating 
essentially of direct or continuous current applications. The 
present edition has improved upon the preceding ones mainly in 
that its terms and phraseologies are modernized and several im- 
portant explanatory paragraphs and definitions have been added. 
Though the work is elementary in its way, it still contains much 
of value to the experienced engineer, who often finds himself 
nonplussed, for the moment, in the solution of little problems, 
which, while simple, become vexatious. 


‘*STANDARD POLYPHASE APPARATUS AND SYSTEMS,’’ by Maurice 
A. Oudin, M. S. Third edition, enlarged. Size, 5% by 8 
inches; 290 pages; cloth. Price, $3.00. Published by D. Van 
Nostrand Company, New York. . 

Although it is now nearly two years since the last edition of 
this estimable work was published, it seems that the appearance 
of it is by far too recent to warrant further extended reference to 
the present and latest edition. Indeed Oudin's ‘‘Polyphase”’ has 
long since earned its way into recognition as ohe of the standard 
electrical books of the day. Needless to say, further, that the 
third edition has been brought up to date, and its perusal shows 
that while the application of polyphase working have extended 
enormously since the first appearance of the book, there has been 
but little deviation from the methods originally laid down in its 
earlier editions as standard. The third edition points out that the 
three-phase system has been found to be almost universally appli- 
cable, having largely replaced the two-phase system and, to a still 
greater extent, the monocyclic system. Again, it reminds the 
reader that the most marked features of recent development of 
electrical manufactures are the increased size of generators and 
power consuming machinery and the creation of new devices for 
the control, and at the same time emphasizing the fact that the 
most progressive engineering work of the day is that of switch- 
board design. 

Oudin’s ‘‘Polyphase’’ is essentially a book of apparatus and 
methods especially pertinent to electric power transmission work, 
and as such it is meaty and wholesome. It finds no space to 
devote to descriptions of particular installations, descriptions 
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which other authors have not hesitated to crib from engineering 
periodicals and publish as their own. Instead, Oudin’s ‘‘Poly- 
phase’’ consistently adheres to its title and describes standard 
polyphase apparatus and systems in a way that is satisfying and 
commendable. 


‘*ELECTRIC POWER TRANSMISSION,” by Louis Bell, Ph. D. Third 
edition, revised and enlarged. Size, 6 by 9% inches; 632 
pages; 285 illustrations and 21 full page plates. Published by 
The Electrical World and Engineer, New York. Price, $3.00. 


It is hard to find patience to review this last edition of a work 
which was once regarded as embodying all that was latest and 
best in electric transmission literature, for the reason that the 
author, who formerly was among the leaders in the transmission 
industry, has apparently allowed his own conceit to blind him to 
the fact that those whom he was in a position to instruct three or 
four years ago have been themselves developing from incessent 
contact with the most strenuous transmission work ever under- 
taken; that these practical workers, these former devotees to his 
precepts, have outgrown his tutelage. Then they imbibed knowl- 
edge from him; that is, such knowledge as the state of the art at 
that time possessed; but now it is not rash to state that the center 
of human accomplishments and general knowledge regarding 
extremely long and extremely high potential transmission has 
shifted from the workshops and laboratories of the East to the 
empires of the west. Dr. Bell has not complimented the trans- 
mission engineering in this endeavor to palm off as original mat- 
ter page after page of descriptive material taken bodily or in part 
from those engineering journals which treat upon transmission 
subjects. His piracies in this direction are palpable and notorious, 
for, in fact, the latest edition of his once invaluable book differs 
from its prior editions mainly in that its bulk has been increased 
by the dilligence of the old shears and the old paste pot, abetted 
by the unaccredited and therefore unholy abstraction of matter 
from electrical publications, not unamong which is THE JOURNAL. 
Wideawake people who are interested in transmission will not 
long remain deceived by so-called new editions when their read- 
ing convinces that they are but former editions to which have 
been added as original matter mongrel rehashes of familiar de- 
scriptive articles. Such work soon makes “‘has beens” of authors, 
however able or however masterful they may have been, and let 
us fervently hope that this talented writer may awaken to the 
realization of this truth. And, while we are hoping, let us pray 
that he may some day find it in his heart to cease taking all glory 
and honor to himself and bestow at least a tithe of it upon others 
to whom it is due. 

Still, this book is fair to look upon, and its binding is as good 
as the most of those which find a place upon bookshelves; but if 
the value of subsequent editions is to depreciate in like ratio to 
that existing between the present and the prior editions, the book 
will be relegated to historical rather that to engineering sections 





OPENING A “DEAD SHORT” AT 40,000 VOLTS. 


OME interesting tests of a high tension switch were recently 

made at the Colgate power house of the Bay Counties 

Power Company, in Yuba County, California. A single- 

pole switch was connected directly across the 40,000-volt 

bus-bars that were receiving current from generators having a 

rated capacity of 7500-kilowatts through transformers of equal 

capacity. This switch was closed and opened ten times in the 

space of two minutes and it opened the dead short circuit each 

time safely and easily and without damage to the switch, trans- 
formers or lines. 

One of the two bay lines that were in parallel was then cut out 
at Colgate, but left in parallel with the other at a station 120 miles 
from Colgate, and the switch connected across this line, thus 
giving 240 miles of line between the switch and bus-bars. The 
switch was closed and opened fifteen times in the space of three 
minutes, and it opened the short circuit each time safely and 
easily and absolutely without damage to transformers or lines. 
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The switch opened the short circuit the twenty-fifth time fully as 
well as the first time, and was not at all damaged by the extremely 
severe test of opening a dead short circuit at 40,000 volts, with 
generator and transformer capacity of 10,000 horsepower behind 
it, twenty-five times. 

This switch was designed and built by J. Nelson Kelman, super- 
intendent of the Colgate division of the Bay Counties Power Com- 
pany, and the tests were made in the presence of L. M. Hancock, 
general superintendent of the company, and others. 





SOME ELECTRICAL TERMS AND THEIR EQUIVALENTS, 
BY C. W. HUNT. 
ONE WATT. 
A rate of doing work. 
I. ampere per second at one volt. 
-7373 foot-pound per second. 
44.238 foot-pounds per minute. 
2654.28 foot-pounds per hour. 
.5027. mile-pound per hour, 
.00134 horsepower. 
zits horsepower. 


ONE KILOWATT. 
A rate of doing work. 


1000. watts. 

73753 foot pounds per second. 
44,238. foot-pounds per minute. 
502.7 mile pounds per hour. 

1.34 horsepower. 


ONE HORSEPOWER. 
A rate of doing work. 


550. foot-pounds per second. 
33,000. foot-pounds per minute. 
275. mile-pounds per hour. 

746. watts. 
-746 kilowatt. 


ONE WATT HOUR. 
A quantity of work. 
2654.28  foot-pounds. 
-503 mile-pounds. 
I. ampere-hour X one volt. 
.00134 horsepower hour. 
7ts horsepower hour. 
ONE HORSEPOWER HOUR. 
A quantity of work. 


1,980,000. foot-pounds. 
376. mile-pounds. 
746. watt-hours. 
-746 kilowatt-hour. 


ONE AMPERE-HOUR. 
A quantity of current. 
One ampere flowing for one hour, irrespective of the voltage. 
Watt-hour -- volts. 
TORQUE. 
Force moving in a circle. 
A force of one pound at a radius of one foot. 





The Electric Storage Battery Company, of Philadelphia, has 
recently closed contracts for the installation of chloride accumu- 
lators with the Edison Electric Illuminating Company, of Brook- 
lyn; Detroit United Railway; Kansas City and Leavenworth Rail- 
road Company; Wolvin Building, Duluth; Society for Crippled 
Children Hospital; residences of Alfred Gwynne Vanderbilt, New- 
port; C. Ledyard Blair, Far Hills, N. J.; Bayard Thayer, Lancas- 
ter, Mass., and R. B. Angus, Sinneville, Quebec. They have also 
contracted for an increase in the plants of the Peekskill Traction 
Company; Union Station, Brooklyn, and the residence plant of 
J. D.. Rockefeller; and are also installing batteries in several 
yacht plants. 
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S.K.C.TYPE A.O.(OILITRANSFORMERS 


An examination of the cuts will give some idea of 
the thought given to details and care exercised in 
the production of the A. O. transformer. Economy 
everywhere is manifest. When the transformer 
reaches its final destination, economy in the labor of 
installation will be appreciable. The head of a great © 
construction company recently told of the consump- 
tion of three days of three men’s time to set four 
forty-kilowatt transformers of a certain make. He 
further said he knew the job could have been accom- 

‘ plished inone day had the transformers been S. K. C. 
transformers.. In the A. O. type the core and coils 
are held securely in their place in the case. . Regard- 
less of the position the transformer assumes in transit 
or at any time they are relatively stationary thereto. 
This not only prevents injury to coils and leads but 
facilitates installation. 

The hanger irons are zo¢ screwed on to the case, 
but by means of bolts, which slide into the lugs on 
the back of the case, are drawn tight after tHe trans- 
former is in position, holding it securely in place. 
These lugs, utilized as hooks, facilitate raising the 
transformer to the cross arm or other support, It 
will also be, noted that the transformer sets very 
nicely on a floor or other plane support. 


AGING 


In 1896 a patent was granted to our Mr. John F. Kelly and subsequently assigned to the Stanley Electric 
Manufacturing Company for a magnetic iron core having in its composition an alloy preventing the growth of 
hysteresis. ‘The importance of the elimination of this detrimental feature of transformer operation cannot be 
overestimated. It should also be borne in mind that we were not only the first to understand the difficulties 
to be overcome, but only by our patented formula can iron be produced which 
while preventing the aging does not sacrifice any of the other requisites. 


REGULATION 


Many central stations are adopting the operation in multiple of transformers 
on secondary‘mains. It is of great importance that the proper engineering 
‘conditions are fulfilled in an installation of this kind and that transformers so 
operated, even though of widely varying capacity, should have like regula- 
tion, for the ones of close regulation, other things being equal, will take an 
excessively unproportional share of the load. A. O. transformers approxi- 
mate the ideal in this respect considerably nearer than any other transformer 
extant. Their use permits the use of lamps of high efficiency, giving uni- 
form light with minimized renewals. In accomplishing the above we have 
been very careful to sacrifice no other requirements. 


THREE-WIRE DISTRIBUTION 


All A. O. transformers can be connected for three-wire distribution, with- 
out any modification. Being of the core type and arranged with superimposed 
primary and secondary windings, no complicated internal connections of the 
secondary coils are required to insure good regulation with unbalanced loads. 

With full load on one side of the neutral and no load on the other side, the 
difference in electromotive force between the two sides will not be greater 
than the regulation of the transformer from. no load to full load. 
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